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^  AUTHOIi'S  PliEFACE. 


'«j  The  theoretical  principles,  upon  which  are  based  the 
0  methods  for  calculating  the  dimensions  of  apparatus  for 
^  drying  wet  material  by  means  of  air,  are  to  be  found 
-  in  part  in  a  number  of  text-books  on  Heat.     All  the 
formulae  and  instructions  in  these  books  are,  however, 
J  not  quite  suitable  for  immediate  application, 
vj      It  would  not  be    quite    sufficient   for   the    practical 
^  scientist   merely   to  give  formulae,   more   or   less  con- 
j  venient,   by  means   of  which  he  could   calculate   the 
I —.  desired  values  for  each  case.     In  drying  by  means  of  air, 
^"  which   continually   undergoes   rapid   and   considerable 
changes  in  temperature  and  moisture,  the  conditions 
';^  for  the  same  apparatus  may  be  so  different  at  different 
;  ^  times  that  one  calculation,  on  the  basis  of  one  set  of 
^conditions,  is  not  sufficient.     The  calculations  should 
rather  be  made  for   several  limiting   cases ;  a  proced- 
ure which  is  laborious  and  lengthy. 
^     It  is  much  more  convenient  to  find  the  necessary 
Rvalues  already  calculated  in  tables,  especially  since  a 
^consideration  of  tabulated  results  gives  an  idea  of  the 
^changes   due   to   varying  conditions,  which  cannot  be 
V  obtained  from  isolated  calculations  made  at  random. 
When  the  effect,  caused  by  alterations  in  all  the  relevant 
factors  can  be  recognised  without  trouble,  the  whole 
arrangement  can  be  properly  planned.     This  is  the  only 
method  by  which  the  desired  end  can  be  attained  with 
certainty. 

From  a  consideration  of  the  conditions  for  drying  by 
means  of  air  it  is  an  easy  step  to  a  consideration  of 
drying  without  air  by  steam  alone.     But  I  do  not  know 
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that  the  circulating  process  of  drying,  as  given  in 
Chapter  V.  and  Table  XI.,  has  been  mentioned  or  dis- 
cussed in  any  other  place.  I  may,  therefore,  assume 
that  these  considerations  are  new.  It  is  desirable  that 
the  advantages  of  this  method  should  be  known  ;  it 
may  then  attain  wide  application. 

From  a  clear  appreciation  of  what  has  been  said 
above  arose  the  desire  to  furnish  the  means  for  deter- 
mining the  consumption  of  air  and  heat  in  a  drying 
apparatus.     May  these  pages  often  give  help  in  need. 

THE  AUTHOE. 


TRANSLATOE'S  PREFACE. 

The  metric  system  of  weights  and  measures,  though  not 
yet  in  general  use  in  this  country,  has  been  retained  in 
the  translation.  For  purely  educational  purposes  this 
system  is,  without  doubt,  more  convenient ;  as  regards 
practical  applications,  it  did  not  appear  that  the  con- 
version into  British  systems  of  the  mass  of  figures 
involved  would  increase  the  utility  of  the  book  to  a 
degree  commensurate  with  the  labour  of  transformation. 
When  the  requirements  of  a  drying  apparatus  are 
stated,  and  its  dimensions  have  to  be  calculated,  in 
terms  of  the  British  systems,  the  obvious  course  is  to 
transform  the  data  of  the  requirements  into  the  metric 
system,  perform  the  necessary  calculations  in  that 
system  by  means  of  the  Tables,  and  finally  convert  the 
ascertained  dimensions,  etc.,  of  the  apparatus  into  the 
British  systems.  On  page  vi  will  be  found  a  com- 
parison of  the  two  systems  of  measurement,  and  of  the 
Centigrade  and  Fahrenheit  thermometer  scales. 

A.  C.  WEIGHT. 
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CHAPTER  I. 

INTRODUCTION. 

In  many  industries  it  is  necessary  to  dry  the  principal  or 
subsidiary  products  by  means  of  air  which  is  artificially 
heated  before  use. 

There  are  many  reasons  for  using  air  as  an  intermediary 
in  abstracting  moisture  from  materials,  instead  of  heating 
the  substances  directly,  either  at  atmospheric  pressure  or  m 
vacuo,  and  so  evaporating  the  water. 

Air-drying  is  preferred,  because  the  condition  and  nature 
of  the  wet  material  make  it  difficult  to  convey  the  necessary 
amount  of  heat  directly  to  its  particles,  or  because  the 
substance  to  be  dried  cannot  be  heated  beyond  a  certain 
low  temperature,  since  it  would  otherwise  be  injured  in 
shape,  appearance  or  composition,  or,  fiually,  because  it  is 
desired  to  effect  the  drying  slowly  by  gradual  evaporation, 
in  order  to  avoid  tears,  cracks  or  discoloration. 

The  air  which  is  used  for  drying  must  first  heat  the 
wet  material,  then  communicate  to  it  the  heat  necessary 
to  evaporate  the  water,  and,  finally,  absorb  the  evaporated 
water. 

The  heated  air  which  enters  the  drying  chamber  loses 
therein  the  quantity  of  heat  required  for  heating  and  evapora- 
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tion ;  thus  it  always  leaves  the  drying-room  at  a  temperature 
lower  than  that  at  which  it  entered.  But  it  must  at  its  exit 
be  so  much  hotter  than  at  its  entry  into  the  heating  chamber 
that  it  is.  able  to  retain  the  evaporated  water  together  with 
its  original  moisture  without  being  supersaturated. 

Atmospheric  air  always  contains  more  or  less  moisture, 
but  is  rarely  saturated.  Its  capacity  of  taking  up  water 
increases  rapidly  with  increasing  temperature.  In  order 
that  the  smallest  possible  quantity  of  air  may  carry  the 
largest  possible  quantity  of  water  from  the  drying-room,  it 
must  leave  the  room  at  the  highest  feasible  temperature. 
On  the  other  hand,  this  same  quantity  of  air  must  be  so 
much  hotter,  when  it  enters  the  drying-room,  that  its  cooling 
to  the  outlet  temperature  is  sufficient  to  heat  the  wet  material 
and  to  evaporate  the  water  in  the  latter. 

Since  the  expenditure  of  heat  in  drying  by  means  of  air  is 
equal  to  that  required  to  heat  the  air,  it  follows  that  the  less 
heat  is  necessary  the  less  air  is  used.  The  least  quantity 
of  air  is  required  when  it  is  at  the  highest  permissible  tem- 
perature both  at  entry  and  exit. 

The  temperature,  to  which  the  air  may  be  heated  before 
its  entry,  depends  on  the  nature  of  the  material  and  on  the 
extent  to  which  it  is  to  be  freed  from  moisture. 

If  the  material  is  to  be  completely  dried,  it  must  finally  be 
heated  almost  to  the  temperature  of  the  entering  air ;  thus, 
in  this  case,  the  air  may  be  heated  only  to  the  highest 
temperature  which  the  material  can  bear. 

However,  if  the  material  may  still  contain  considerable 
quantities  of  moisture  after  drying,  it  is  not  requisite  to  heat 
it  by  means  of  the  air  to  the  temperature  of  the  latter.  The 
temperature  of  the  entering  air  may  then  be  made  somewhat 
higher  than  in  the  previous  case. 

In  each  separate  case  the  following  quantities  must  be 
supposed  to  be  known  : — 
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1.  The  weight  of  the  material  to  be  dried. 

2.  The    quantity    of    water  to    be    extracted    frora    the 

raaterial. 

3.  The  highest  teniperature  to  which  the  material  can 

be  exposed. 
It  is  desired  to  find — 

1.  The  quantity  of  heat  which  must  be  used. 

2.  The  heating  surface  which  will  be  required. 

3.  The  requisite  volume  of  air,  i.e.,  the  volume  before 

heating,  after  it  is  heated,  and  at  its  exit  from  the 
apparatus. 

The  question  may  also  arise  whether  it  is  desirable  to 
apply  in  the  drying-room  a  pressure  higher  or  lower  than 
that  of  the  atmosphere. 

In  the  following  pages  the  answers  to  these  questions  are 
worked  out  in  the  simplest  possible  manner  and  presented 
in  a  form  suitable  for  application  to  a  number  of  cases  in 
practice. 

Air  changes  its  volume  under  the  influences  of  pressure 
and  temperature.  A  cubic  metre  of  air  introduced  into  the 
calculation  must  be  defined  as  at  a  certain  temperature  and 
pressure  so  that  it  may  again  be  recognised. 

If  it  be  calculated  how  much  heat  a  certain  volume  of  air 
at  a  definite  temperature  and  pressure  can  give  out,  and 
how  much  moisture  it  can  take  up,  it  will  be  found  that 
after  the  air  has  done  this  work,  i.e.,  after  it  has  given  out 
heat  and  taken  up  moisture,  its  volume  will  be  quite  different. 
This  new  volume  must  then  be  again  calculated.  These 
calculations  cannot  be  done  without  some  practice,  and  in 
any  case  require  time  and  trouble.  It  is  therefore  preferable 
— and  one's  ideas  soon  become  accustomed  to  the  change — 
to  introduce  the  weight  of  the  air  instead  of  the  volume  into 
the  calculation,  and  finally  to  convert  the  weight  found  into 
volumes,  if  required. 
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It  will  be  found  that  the  calculations  to  be  made  in  each 
case  are  not  diJO&cult.  They  require,  however,  a  certain 
insight  into  the  matter,  which  there  is  not  always  time  to 
acquire  in  practice.  Also,  the  effect  of  an  alteration  in  the 
different  conditions  under  consideration  cannot  at  once  be 
estimated  d  priori  with  accuracy.  But  when  the  effect 
exerted  by  variations  in  pressure,  temperature  and  satura- 
tion upon  the  output  and  the  expenditure  of  air  and  heat, 
can  be  seen  at  a  glance,  the  best  conditions  can  readily  be 
chosen.  For  these  reasons  the  requirements  of  drying 
installations  of  different  kinds  have  been  collected  into 
tables,  from  which  the  desired  data  can  at  once  be  gathered 
in  every  case. 

Allowances  must  be  made  in  practice  for  losses  of  quantity, 
weight  and  heat. 


In  the  first  place  a  table  will  be  calculated  showing  how 
much  water  can  be  taken  up  by  1  kilo,  of  air  at  different 
temperatures  and  pressures. 

The  weight  of  air  of  certain  pre-determined  initial  tempera- 
tures will  then  be  found,  which  is  the  least  quantity  required 
to  take  up  a  certain  weight  of  water  (100  kilos.). 

The  volumes  will  also  be  given  which  are  occupied  by  the 
calculated  weight  of  air  at  its  entry  and  exit  and  after  it 
has  been  heated. 

Finally  will  follow  the  calculation  of  the  quantity  of  heat 
required  for  evaporating  a  certain  weight  of  water.  This 
quantity  varies  greatly  according  to  the  conditions.  The 
calculation  of  the  necessary  heating  surface  and  the  width 
of  the  flues  will  then  be  appended. 

All  these  calculations  have  to  be  made  for  drying  at  the 
atmospheric  pressure  and  at  lower  or  higher  pressures,  and 
under  the  supposition  of  a  more  or  less  complete  saturation 
of  the  air  which  enters  and  leaves  the  drying  apparatus. 
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The  symbols  used  throughout  the  book  are  as  follows  : — 

to  =  the   weight  of    water,   which   is   to   be   withdrawn  from  the 

material  in  the  drying -room. 
V  =  the  volume,  in  litres,  of  1  kilo,  of  water  vapour. 
Ya  —  the  volume,  in  cubic  metres,  of  any  other  weight  of  vapour. 
kd  =  the  weight,  in  kilos.,  of  1  cubic  metre  of  vapour. 
da  =  the    weight,  in  kilos.,  of    vapour    contained  in  1  kilo,   of  the 

external  air. 
di,  =  the  weight,  in  kilos.,  of  vapour  contained  in  1  kilo,  of  the  wet 

air  which  leaves  the  apparatus. 
Jcj  =  the  weight,  in  kilos.,  of  1  cubic  metre  of  dry  air. 
Z  =  the  weight  of  air  in  kilos. 
V;  =  the  volume  of  air  in  cubic  metres. 
Yja  =  the  volume  of  the  (atmospheric)  external  air  in  cubic  metres. 
Yih  =  the  volume  of  the  hot  air  when  it  is  just  leaving  the  heating 

chamber. 
Yin  =  the  volume  of  the  wet  air  when  it  leaves  the  drying-room. 
tu  —  the  original  temperature  of  the  material  to  be  dried. 
L  =  the  temperature  of   the   material  when   it    leaves   the   drying 

room. 
ta  =  the  temperature  of  the  external  air. 
h  =  the  temperature  of  the  hot  air  just  as  it  is  leaving  the  heating 

chamber. 
t„  =  the  temperature  of  the  wet  air  when  it  leaves  the  drying-room. 
p  =  the   pressure,  in  atmospheres  or   in   kilos,  per   square  metre  (1 

atmosphere  =  10,336  kilos,  per  square  metre). 
q  =  the  pressure  in  millimetres  of  mercury. 
e  =  the  co-efhcient  of  expansion  of  air  =  0-003665. 
C„  =  the  quantity    of  heat,  in  calories,  required  to  evaporate  the 

water  from  the  material. 
Off  =  the  total  quantity  of  heat  which  must  be  used. 
r  =  the  specific  heat  of  air  =  0-2375  |  ^^  ^^^^^^^^  pressure. 

s  =  the  specific  heat  of  steam  =  0*475.       J 


CHAPTEE  II. 

Calculation  of  the  Maximum  Weight  of  Saturated  Aqueous 
Vapour  which  can  be  contained  in  1  Kilo,  of  Air  at 
different  Pressures  and  Temperatures. — Table  1. 

AccoBDiNG  to  a  well-known  physical  law  saturated  water 
vapour  has  a  definite  pressure  at  each  temperature,  whether 
it  is  in  space  empty  of,  or  filled  with,  air.  Thus,  in  speaking 
of  air  saturated  with  moisture,  we  mean  that  in  the  space 
which  contains  the  air  there  is  just  as  much  saturated  water 
vapour  as  would  be  contained  in  it,  at  the  same  temperature, 
if  no  air  were  present.  The  pressure,  which  this  satu- 
rated vapour  exerts  at  particular  temperatures,  is  quite  de- 
finite and  well  known.  It  has  been  found  by  numerous 
experiments,  the  results  of  which  have  been  arranged  in 
tables  by  Eegnault,  Zeuner  and  Fliegner.  At  temperatures 
below  100°  C.  it  is  always  less  than  the  pressure  of  the  at- 
mosphere, and  the  pressure  of  the  atmosphere  is  produced 
by  adding  the  pressure  of  the  air  to  the  pressure  of  the 
aqueous  vapour.  The  atmospheric  pressure  is  thus  com- 
posed of  the  partial  pressures  of  the  vapour  and  the  air — it 
is  the  sum  of  the  two. 

The  greatest  weight  of  saturated  water  vapour  which  can 
be  contained  in  1  cubic  metre  at  a  certain  temperature  is, 
according  to  the  above  physical  law,  the  same  whether  air 
is  also  present  in  the  cubic  metre  or  water  vapour  alone  fills 
the  space.  Thus  it  follows  that  the  weight  of  1  cubic  metre 
of  saturated  water  vapour,  which  is  to  be  obtained  from  the 

(6) 
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tables  constructed  by  the  above  physicists,  also  gives  the 
maximum  weight  of  water  contained  in  1  cubic  metre  of  air 
at  the  different  temperatures. 

1  cubic  metre  of  water  vapour  at  0°  C.  weighs  0-00504  kilos. 

5°C.  „  0-00696  „ 
10°  C.  „  0-00951  „ 
15°  C.  „  0-01319  „ 
20°  C.         „      0-01753     „ 

The  same  weights  of  vapour  are  contained  by  1  cubic 
metre  of  air  when  it  is  saturated  with  moisture. 

When  the  air  is  completely  saturated  with  water  vapour 
we  say  that  its  degree  of  saturation  is  100  per  cent.  If  it 
contains  less  moisture,  e.g.,  only  f,  -J  or  \  as  much,  we  say 
that  its  degree  of  saturation  is  75,  50  or  25  per  cent. 

Thus  1  cubic  metre  of  air  contains  the  following  weights 
of  water  at  the  temperatures  given  : — 


Degree  of 
Saturation. 

o°c. 

5°C. 

10°  C. 

15°  C. 

20°  C. 

Per  cent. 
10 
20 
50 

Kilos. 
0-000504 
0-00101 
0-00252 

Kilos. 
0-000696 
0-00139 
0-00345 

Kilos. 
0-000951 
0-00191 
0-00475 

Kilos. 
0-001319 
0-00264 
0-00660 

Kilos. 
0-001753 
0-00351 
0-00877 

The  volume  of  vapour  v,  in  litres,  which  is  evolved  from 
1  kilo,  of  water  is  found  from  the  formula  of  Mariotte,  Boyle 

and  Gay-Lussac — 

273  +  i* 
t;  =  4-543 , (1) 

where    t  is    the  temperature  and  ]j  the  pressure   in    atmo- 
spheres. 

The  weight  of  1  cubic  metre  of  saturated  vapour  is  there- 
fore— 

1  p 


kd  =  ~  = 


V     4-543  (273  +   t) 


(2) 


273 +  i  is  called  the  absolute  temperature. 
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Almost  the  same  results,  as  are  given  by  calculatiDg  accord- 
ing to  these  equations,  are  obtained  in  another  way.  The 
density  of  saturated  vapour  is  0'623,  referred  to  air  =  1. 
The  weight  of  1  cubic  metre  of  vapour  is  thus  always  0'623 
of  the  weight  of  1  cubic  metre  of  dry  air  at  the  same  tem- 
perature and  pressure.  Thus,  when  the  weight  of  1  cubic 
metre  of  dry  air  is  calculated  for  all  temperatures  and  pres- 
sures, and  the  result  multiplied  by  0*623,  the  weight  of  1 
cubic  metre  of  saturated  vapour  is  obtained.  The  figures 
calculated  in  this  way  agree  almost  exactly  with  those  derived 
from  equation  (2). 

The  pressure  p  of  saturated  water  vapour  at  all  tempera- 
tures is  sufficiently  well  known  through  the  observations  and 
tables  of  Eegnault,  Zeuner  and  Fliegner  ;  also  the  weight  of 
1  cubic  metre,  h^^. 

The  second  column  of  Table  I.  (pp.  10-11)  gives  the  weight 
of  1  cubic  metre  of  saturated  vapour,  the  third  column  the 
pressure  of  saturated  vapour  in  millimetres  of  mercury,  ac- 
cording to  Eegnault,  both  at  the  temperatures  in  the  first 
column. 

The  atmospheric  pressure  varies  between  tolerably  wide 
limits.  In  Table  I.  barometric  heights  of  780,  760  and  740 
mm.  are  considered,  and  in  columns  4,  5  and  6  the  partial 
pressure  is  given  which  is  exerted  by  the  air  itself,  inde- 
pendently of  the  pressure  of  the  saturated  vapour,  at  these 
pressures  and  temperatures  from  -  20°  to  +  100°  C.  The 
partial  pressure  of  the  air  is  equal  to  the  barometric  pressure 
minus  the  pressure  of  the  vapour. 

In  columns  7,  8  and  9  the  weights  of  1  cubic  metre  of  dry 
air  is  given,  at  the  pressures  in  the  columns  4,  5  and  6,  and 
temperatures  from  -  20°  to  +  100°  C. 

The  weight  of  1  cubic  metre  of  dry  air  is  calculated  from 
the  formula — 

k,  ^  0-0001252  qp .3) 

l  +  et160 
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in  which  ki  is  the  weight  of  the  air  in  kilos.,  t  is  the  tempera- 
ture in  centigrade  degrees,  j^  is  the  atmospheric  pressure  in 
kilos,  per  square  metre  (  =  10,336),  q  is  the  (partial)  pressure 
supported  by  the  air  alone,  and  e  is  the  co-ef3&cient  of  ex- 
pansion of  air  (  =  0'003665).* 

The  atmospheric  pressure,  p,  upon  1  square  metre  is 
10,336  kilos,  when  the  barometer  stands  at  760  mm.  ;  for 
any  other  barometric  height,  q, — 

«  =  X  10336. (4) 

^750  ^  ^ 

If  the  pressure  of  the  vapour  in  the  atmosphere  be  deducted 
from  the  barometric  pressure  in  millimetres  of  mercury  at 
the  moment,  the  remainder  is  the  pressure  supported  by  the 
air  alone. 

By  means  of  a  simple  calculation  from  the  figures  in 
columns  2  to  9,  the  maximum  weight  of  saturated  vapour  is 
found,  which  1  kilo,  of  air  initially  dry  can  contain  at  various 
temperatures  and  pressures.  It  is  only  necessary  to  divide 
the  weight  of  1  cubic  metre  of  saturated  vapour  by  the  weight 
of  1  cubic  metre  of  dry  air  at  the  same  temperature  and  the 
corresponding  pressure.  The  results  of  these  calculations  are 
contained  in  columns  10,  11  and  12. 

The  columns  13  to  21  of  Table  I.  give  corresponding  data 
for  absolute  pressures  of  1-^  atmospheres  (-^  atmosphere 
above  the  ordinary  pressure),  J  and  f  atmosphere,  equal  to 
1,140,  250  and  500  mm.  of  mercury  respectively. 

The  figures  of  columns  13,  16  and  19  are  found  by  sub- 
tracting the  vapour  pressure  of  column  3  from  the  assumed 
total  pressures  1,140,  250  and  500  mm. 

The  numbers  in  columns  14,  17  and  20  are  obtained  from 
equation  (3)  by  inserting  the  corresponding  values  for  q 
and  t. 

*  This  is  wi . 
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nfABLE 
Pressures  and  Weights  of  1  cubic  metre  of 

The    Weight    of   Water    in    1    kilo,    of    Air    at    the    absolute    (barometric) 

from  -  20°  to  +  100°  C,  when  the  air 


1 

2 

3 

4 

5 

6 

7 

1      8            9 

10 

11 

a3 

.2  ^ 
'B  o 

Kilos. 

(V 
-l-s 
OS 

?-| 

-+J 

H 

Mm. 

0-927 

1-400 

2-093 

3-113 

4-600 

6-53 

916 

12-70 

17-39 

23-55 

31-55 

41-83 

54-91 

71-40 

91-98 

117-98 

148-79 

186-94 

233-09 

288-50 

354-64 

433-04 

525-45 

633-75 

760-00 

(Partial)  Pressure  of 

the  Air  alone,  after 

Subtraction  of  the 

Vapour  Pressure,  at 

the  Barometric 

Heights  of 

Weight  of  1  Cubic 

Metre  of  JJri/  Air,  at  the 

Pressures  in  Columns 

4,  5  and  6,  and  at  the 

Barometric  Heights  of 

Weight  of  saturated 

d,  contained  by  1 

dry  air  at  the 

in  Columns  4,  5  and 

the  barometric 

of 

Eh 
°C. 

780 
Mm. 

760 
Mm. 

740 
Mm. 

r 

780 
Kilos. 

760 
Kilos. 

740 
Kilos. 

780 
Kilos. 

760 
Kilos. 

-20 

-15 

-10 

-  5 

0 

5 

10 

15 

20 

25 

30 

35 

40 

45 

50 

55 

60 

65 

70 

75 

80 

85 

90 

95 

100 

0-00106 

0-00157 

0-0023 

0-0035 

0-00496 

0-00696 

0-00951 

0-01298 

0-01753 

0-02312 

0-0303 

0-0397 

0-0512 

0-0657 

0-0834 

0-1045 

0-1311 

0-1623 

0-1992 

0-2440 

0-2958 

0-3574 

0-4280 

0-5110 

0-6060 

779-0 
778-6 
778-0 
776-9 
775-4 
773-47 
770-84 
767-3 
762-61 
756-46 
748-45 
738-17 
725-09 
708-60 
688-02 
662-52 
631-21 
593-06 
546-91 
491-50 
425-56 
346-96 
254-55 
146-25 
20-00 

759-0 
758-6 
758-0 
766-9 
755-4 
753-47 
750-84 
747-3 
742-61 
736-46 
728-45 
718-17 
705-09 
688-6 
668-02 
642-52 
611-21 
573-06 
526-91 
471-50 
405-56 
326-96 
234-55 
126-25 
0 

739-0 

738-5 

738-0 

736-9 

735-4 

733-47 

730-84 

727-3 

722-61 

716-46 

708-45 

698-17 

685-09 

668-6 

648-02 

622-52 

591-21 

553-06 

506-91 

451-50 

385-56 

306-96 

214-55 

106-25 

1-4256 
1-4015 
1-3739 
1-3518 
1-3181 
1-2925 
1-2642 
1-2354 
1-2087 
1-1755 
1-1423 
1-1146 
1-0760 
1-0346 
0-9894 
0-9355 
0-8774 
0-8156 
0-7383 
0-6562 
0-5600 
0-4510 
0-3248 
0-1846 
0-0249 

1-3890 
1-3655 
1-3386 
1-3178 
1-2832 
1-2589 
1-2332 
1-2050 
1-1770 
1-1445 
1-1168 
1-0845 
1-0463 
1-0054 
0-9610 
0-9070 
0-8497 
0-7880 
0-7115 
0-6295 
0-5335 
0-4250 
0-2992 
0-1591 
0 

1-3524 
1-3294 
1-3033 
1-2823 
1-2502 
1-2257 
1-1987 
1-1709 
1-1453 
1-1134 
1-0861 
1-0543 
1-0207 
0-9751 
0-9318 
0-8797 
0-8219 
0-7605 
0-6844 
0-6027 
0-5018 
0-3991 
0-2747 
0-1340 

0-000743 
0-00112 
0-00167 
0-00248 
0-00376 
0-00538 
0-00752 
0-0105 
0-0145 
0-0197 
0-02696 
0-0356 
0-0476 
0-0635 
0-0843 
0-1117 
0-1495 
0-1989 
0-2696 
0-3718 
0-5282 
0-7924 
1-3177 
2-7681 
24-3373 

0-000763 

0-00115 

0-00172 

0-00254 

0-00387 

0-00553 

0-00771 

0-01080 

0-01480 

0-0202 

0-0275 

0-0366 

0-0489 

0-0653 

0-0868 

0-1152 

0-1540 

0-2060 

0-2799 

0-387 

0-554 

0-840 

1-430 

3-211 
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Saturated  Water  Vapour  and  of  Dry  Air. 

pressures  of  250,  500,  740,  760,  780  and  1,140  mm.,  and  at  temperatures 
is  completely  saturated  with  vapour. 


12 


740 
Kilos. 


13 


14' 


15 


Absolute  Pressure  in 

Drying-room,  1^  atnios. 

=  1,140  mm. 


<  rt 


^      fH 


m 


Mm. 

1139-0 

1138-6 

1138-38 

1136-9 

1135-4 

1133-47 

1130-84 

1127-3 

1122-6 

1116-5 

1108-5 

1098-2 

1085-1 

1068-6 

1049-0 

1022-5 

991-2 

953-1 

897-0 

851-5 

785-4 

707-0 

614-5 

506-25 

380-0 


"^1 


-tJ   o 

Kilos. 


2-084 
2-049 
2-008 
1-978 
1-930 
1-894 
1-854 
1-815 
1-779 


735 

699 

658 

610 

560 

508 

444 

'378 

311 

211 

133 

1-033 

0-919 

0-784 

0-638 

0-473 


+3    _ 

cS    !=! 

-3  ^'■^ 
Kilos. 


0-00050 

0-00076 

0-00115 

0-00169 

0-00257 

0-00367 

0-00513 

0-00709 

0-00981 

0-0134 

0-0181 

0-0239 

0-0318 

0-0421 

0-0553 

0-0723 

0-0951 

0-1239 

0-1644 

0-2153 

0-286 

0-388 

0-546 

0-8009 

1-281 


16 


17 


18 


AlDSolute  Pressure  in 
Drying-room  =  500  mm. 


^  i^  •—  ^'^ 
Mm. 


c3 


a) 


499-07 
498-6 
497-90 
496-88 
495-4 
493-47 
490-84 
487-3 
482-61 
476-45 
468-45 
458-17 
445-09 
428-6 
408-02 
382-52 
351-21 
313-06 
266-91 
211-5 
145-36 
66-96 


^^ 

O  -^ 
-tJ   o 

Kilos. 


0-91 

0-8974 

0-877 

0-862 

0-842 

0-8225 

0-805 

0-785 

0-765 

0-740 

0-718 

0-692 

0-660 

0-626 

0-586 

0-539 

0-488 

0-430 

0-360 

0-282 

0-191 

0-087 


c3    !=1 
02—' 


Kilos. 


0-00165 

0-00175 

0-00262 

0-00386 

0-00589 

0-00846 

0-0118 

0-0165 

0-0229 

0-0312 

0-0429 

0-0573 

0-0776 

0-1049 

0-1423 

0-19.39 

0-2685 

0-3774 

0-533 

0-865 

1-548 

4-108 


19 


20 


21 


Absolute  Pressure  in 
Drying-room  =  250  mm. 


cS   o 

-,      f-(      r-      ^ 

■*  3i;  54-.  fH 
^   cS   O  D-i 

Mm. 


249-07 
248-6 
247-9 
246-89 
245-4 
243-47 
240-84 
237-3 
232-6 
226-45 
218-45 
208-17 
195-09 
178-6 
158-02 
132-52 
101-21 
63-06 
16-91 


I— I     !-i 


be 


<o 


Kilos. 


0-455 

0-447 

0-438 

0-429 

0-417 

0-407 

0-395 

0-382 

0-378 

0-352 

0-335 

0-314 

0-287 

0-261 

0-227 

0-187 

0-141 

0-0867 

0-0228 


-l-^J  .-I 
^    ■"„ 

-s  ^< 
^>^ 

Kilos. 

0-00233 

0-00351 

0-00525 

0-0078 

0-0119 

0-0171 

0-0240 

0-0340 

0-.464 

0-0656 

0-0919 

0-1264 

0-1784 

0-2517 

0-3674 

0-5588 

0-9300 

1-877 

8-737 
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Finally,  the  weight  of  water  vapour  contained  in  1  kilo, 
of  air  at  the  various  pressures  is  obtained  by  dividing  the 
weights  in  columns  14,  17  and  20  into  the  corresponding 
figures  in  column  2. 

Examples.     It  is  required  to  estimate — 

1.  The  weight  of  1  cubic  metre  of  dry  air,  which  is  saturated  with 
moisture,  at  the  temperature  ta  =  10°  C,  and  the  barom.etric  pressure, 
g;  =  760  mm.  (column  8). 

2.  The  weight  of  water  vapour,  da  which  is  contained  in  1  kilo,  of 
air  in  this  case  (column  11). 

3.  The  weight  of  1  cubic  metre  of  dry  air,  which  is  saturated  with 
moisture,  at  ta  =  10°  C.  and  the  absolute  pressure  q  —  250  mm.  (column 
20). 

4.  The  weight  of  water  vapour  which  is  contained  in  1  kilo,  of  air 
in  Example  3. 

Ex.  1.  According  to  equation  (3) — 


h  = 


0-0001252   qp_ 
1  +  et     760' 


where  $  is  the  partial  pressure  of  the  air  in  the  cubic  metre,  being  the 
difference  between  the  total  pressure  of  the  air  (in  this  case  760  mm.) 
and  the  pressure  of  saturated  vapour  at  10°  C.  (9*16  mm.  according  to 
column  3).     Therefore — 

2  =  760  -  9-16  =  750-84  mm., 
whence 

qp^  ^  750-84  x  10336  _  ]^0211-4 
760  760 

and 

.        0-000152  X  10211-4       ^  _^_^  ti        /  i  o^ 

^'  =  1  +  0-003665  X  10    =  ^'^^^^  ^^^°'-  ^'''  ^°^"^^^^  ^^- 

Ex.  2.  Thus  1  cubic  metre  contains,  at  10°  C.  and  760  mm.  pressure, 
1-2332  kilos,  of  air  and  (from  column  2)  0-00951  kilo,  of  water  vapour. 
In  1  kilo,  of  air  there  is,  therefore,  in  this  case — 

=  0-00771  kilo,  of  vapour  (column  11). 

Ex.  3.  In  equation  (3) 

ta  =  10°  C,    e  ==  0-003665,    g  =  250  -  9-16  =  240-84 
qp        240-84  x  10336 


760       760 


-  3275-4. 


Diagram 
The  weight  of  saturated  water  vapour  capable  of  absorption  by 
1  kilo,  of  dry  air  at  different  temperatures  and  at  the  absolute 
pressures  of  250,  500,  760,  and  1140  mm  of  mercury. 
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Therefore— 

,        0-0001252  X  3275-4       ^  on^  ti      ,     i  oan 

^^  =    1  +  0-003665x10  =  ^-^^^  ^^^°-  ^^°^"^^  '^)- 

Ex.  4.  Thus  1  cubic  metre  of  air  contains,  at  10"^  C.  and  250  mm. 
absolute  pressure,  0-395  kilo,  of  air  and  (column  2)  0-00951  kilo:  of 
vapour. 

Therefore  1  kilo,  of  air  contains — 
0-00951 


0-395 


=  0*024  kilo,  of  vapour  (column  21). 


From.  Table  T.  (see  pp.  10  and  11)  it  may  readily  be  seen 
that  1  kilo,  of  air  can  carry  the  more  saturated  vapour  the 
hotter  it  is  itself  and  the  lower  is  the  pressure. 


The  accompanying  Diagram  I.  represents  the  results  con- 
tained in  columns  11,  15,  18  and  21.  It  shows  the  weight 
of  saturated  water  vapour  which  can  be  taken  up  by  1  kilo, 
of  air  at  the  absolute  pressures  250,  500,  760  and  1,140  mm., 
and  at  temperatures  from  -  20°  to  +  100".  Nothing  new 
is  to  be  obtained  from  this  diagram,  but  it  is  convenient  to  be 
able  to  see  at  a  glance  how  the  absorption  of  vapour  by 
air  varies  according  to  the  temperature  and  pressure. 


With  the  assistance  of  Table  I.  we  can  now  calculate  the 
quantities  of  air  and  heat  required  to  evaporate  a  certain 
weight  of  water  under  various  conditions. 


CHAPTEE  III. 


Calculation  of  the  Necessary  Weight  and  Volume  of  Air, 
and  of  the  Least  Expenditure  of  Heat,  for  Dry- 
ing Apparatus  with  Heated  Air,  at  Atmospheric 
Pressure. 

A. — With  the  assumj^tion  that  the  air  is  completely  saturated 
luith  vapour  both  before  entry  and  at  its  exit  from  the 
apparatus. — Table  II. 

Atmospheric  air  is  seldora  completely  saturated  with  vapour. 
The  degree  of  saturation  varies  from  10  to  100  per  cent., 
and  frequently  changes  in  the  course  of  a  single  day  to  the 
extent  of  50  to  60  per  cent.  Thus,  in  calculating  the  weight 
of  air  necessary  to  accomplish  a  certain  amount  of  drying, 
a  high  content  of  moisture  in  the  external  air  should  be 
assumed. 

The  air  leaving  the  drying-room  also  is  almost  never 
completely  saturated.  Although  this  desirable  condition  is 
seldom  attained,  yet  in  this  section  the  quantities  of  air  and 
heat  will  be  first  calculated  on  the  assumption  of  complete 
saturation.  Other  degrees  of  saturation  will  be  considered 
subsequently. 

Fig.  1  represents  diagrammatically  the  arrangement  of  a 
simple  air-drying  apparatus. 
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The  external  air,  I,  which  contains  cZ„  kilos,  of  water  vapour, 
in  1  kilo.,  enters  the  heating  chamber  at  the  temperature  ^„ 
and  leaves  it  at  the  higher  temperature  t,^.  In  its  passage 
through  the  drying-room,  D,  the  air  takes  up  the  weight  of 
water  iv,  and  is  thereby  cooled  to  the  temperature  t„.  A  fan, 
F,  is  generally  used  to  drive  the  warm  air  now  laden  with 
the  moisture.  Id,,  =  lu  +  Id,,,  into  the  atmosphere. 

From  what  has  preceded  it  may  be  seen  that  the  air  to 
be  used  in  drying  must  fulfil  two  conditions : — 

1.  The  quantity  of  heat  which  the  weight  of  air,  I,  and  its 
moisture,  Id^,,  can  give  out  in  the  drying-room  in  cooling  from 
the  temperature  of  entry,  4,  to  that  of  exit,  ^„,  must  be  suffi- 
cient to  heat  the  material  from  its  original  temperature  t,,  to 
the  temperature  t^,  and  to  evaporate  the  weight  of  water  iv. 

2.  The  air  must  be  in  such  a  condition  that,  at  its  exit 
temperature  i^„,  it  can  retain  in  the  form  of  vapour  the  weight 
of  water  to  and  also  the  water  vapour  Id^,  which  it  brought 
from  the  atmosphere. 

If  we  denote  by  r  the  specific  heat  of  air  =  0-2375,  by  s 
the  specific  heat  of  water  vapour  =  0-4:75,  and  by  C„  the 
amount  of  heat  in  calories  which  is  utilised  in  the  drying- 
room,  we  obtain  from  the  above  conditions  the  equations — 

{It  +  IdaS)  {tj,  -  tn)  =  Gn (5) 

l{dn    -    da)    =    IV (6) 

the  latter  of  which  may  be  written — 

'-j^.    ■ (^' 

When  this  is  inserted  in  equation  (5)  we  obtain — 

w 
^ ^{r  +  das)  {f,,  -f„)  =  C„ (8j 

or,  since  r  =  0-2375  and  s  =  0-475 — 

dn  -  da        w  (0-2375  +  da  0-475)    •     •     •     '     '     ^  ^ 
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In  this  equation  (9)  the  following  are  known  in  each 
case : — 

w    =  weight  of  water  to  be  evaporated  in  the  unit  of  time. 

th  =  the  highest  temperature  of  the  air  in  the  hot  room,  which  is 
to  be  made  as  high  as  the  drying  material  will  bear. 

ta    =  the  temperature  of  the  external  air  which  is  used. 

C„  —  the  quantity  of  heat,  in  calories,  to  be  given  out  by  the  air  in 
the  drying-room.  It  is  the  sum  of  the  quantities  of  heat 
required  to  heat  up  the  material  to  the  temperature  t^,  and  to 
evaporate  the  weight  of  water,  iv,  out  of  this  material. 

The  proportion  of  solid  matter  in  the  material  to  be  dried 
may  be  great  or  small.  In  what  follows  we  shall  neglect 
entirely  the  quantity  of  heat  required  to  warm  the  solid 
matter  (or,  more  accurately,  whatever  remains  after  drying) 
of  the  drying  material,  since  it  is  different  in  every  case,  is 
always  a  small  proportion  of  the  total  expenditure  of  heat, 
and  may  be  disregarded  in  view  of  the  factors  of  safety 
required  in  practice.  Thus  it  will  be  assumed  that  only 
the  water  to  be  evaporated  has  to  be  heated  from  its  original 
temperature,  iu  (in  the  tables  t,,  is  always  taken  as  15°  C.) 
to  the  temperature,  t,,,  of  the  air  exit,  for  which  purpose 
10  {t,,  -   t^,)  calories  are  required. 

For  the  evaporation  of  1  kilo,  of  water  at  the  temperature 
t^^,  610  -  tn  calories  are  required,  this  being  the  Latent 
Heat. 

The  quantity  of  heat,  C„,  necessary  to  evaporate  the  water 
(the  useful  work  of  the  drying  apparatus)  is  therefore — 

C„  =   IV  {tn    -    Q    +    10  (640    -    tn), 

or 

C,  =  10  (640  -  t) (10) 

The  unhnoivn  quantities  in  equation  (9)  are  tn  and  d^^,  the 
outlet  temperature  and  the  proportion  of  water  in  the  air 
leaving  the  apparatus. 

When  the  air  at  its  exit  is  supposed  to  be  saturated  with 
water  vapour  (for  which  condition  alone  Tables  I.  and  II. 
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hold  good),  the  quantities  t,,  and  d,^  are  mutually  dependent, 
since  to  each  temperature,  /^„,  there  corresponds  a  quantity 
of  water,  <i„,  to  be  found  from  Table  I. 

In  order  now  to  find  the  unknown  quantities  in  and  ^„  of 
equation  (9)  the  values  of  the  known  quantities  must  be 
inserted,  and  then  the  values  of  ^„  and  ^„  found  by  trial, 
i.e.,  an  arbitrary  value  of  t„  is  chosen,  the  corresponding 
value  of  <i„  taken  from  Table  I.,  both  values  inserted  in  the 
equation,  and  the  operation  repeated  until  the  two  sides  of 
the  formula  balance. 

If  in  this  manner  the  temperature  of  exit,  4,  and  conse- 
quently the  water  content  of  the  air,  d„,  be  fixed,  then  the 
weight  of  air,  I  (columns  2  and  3,  Table  II.),  required  to 
evaporate  the  weight  of  water,  to,  can  be  found  by  means  of 
equation  (7). 

The  absolute  weight  of  the  moisture  which  this  calculated 
weight  of  air,  I,  brings  from  the  exterior  into  the  apparatus 
is  obtained  (Table  II.,  pp.  22-25,  column  4)  by  multiplying  I 
by  the  factor  d,,  (Table  I.,  pp.  11-12,  columns  10,  11,  12,  15, 
18  and  21). 

The  total  quantity  of  heat,  C^,  required  to  heat  the  weight 
of  air,  I,  and  the  moisture  it  contains,  from  their  initial  tem- 
perature, ta,  to  the  highest  temperature,  tj,,  is  obtaiued  from 
the  formula — 

C,;  -  I  (0-2375  +  da  0-475)  (tn  -  ta)     .     .     .     .     (11) 

The  larger  C^  is  in  proportion  to  C„  the  less  economical 
is  the  work  of  the  drying  apparatus  (Table  II.,  pp.  22-25, 
column  8). 

Finally,  it  is  required  to  find  the  volumes  of  the  air  at  its 
different .  temperatures. 

The  weight  of  air  which  enters  the  drying-room  is  the 
same  as  that  which  comes  out.  We  suppose  that  this  air  is 
saturated  with  moisture  at  each  period,  i.e.,  at  the  tempera- 
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ture  of  the  atmosphere,  t„,  and  at  the  outlet  temperature  t^^. 
The  pressure  of  the  air  in  the  two  cases  is  different ;  but  it  is 
known,  since  it  is  the  difference  between  the  atmospheric 
pressure  and  the  pressure  of  the  saturated  vapour  in  the  air.  - 
Thus  in  order  to  find  the  volumes,  V;,j  and  Y;,„  of  the 
weight  of  air,  I,  the  weight  of  1  cubic  metre  of  dry  air  at  the 
same  temperature  and  pressure  (atmospheric  pressure  minus 
vapour  pressure)  is  divided  into  the  calculated  weight  of 
air,  I,  i.e.,  the  calculated  weight  of  air,  I,  is  divided  by  the 
weights  given  in  Table  I.,  columns  7,  8,  9,  14,  17  and  20, 
for  the  particular  temperatures  of  exterior  and  exit.  Thus 
the  columns  5  and  7  of  Table  II.  are  obtained — 

In  order  to  find  the  volume  of  the  heated  air,  in  the  con- 
dition in  which  it  leaves  the  heating  chamber,  a  somewhat 
different  process  must  be  adopted.  In  this  heated  air  the 
water  vapour  is  no  longer  saturated,  and  is  therefore .  subject 
to  different  laws.  At  high  temperatures  superheated  vapour 
has  a  lower  pressure  {i.e.,  that  of  the  "  permanent "  gases) 
than  saturated  vapour.  But  in  the  neighbourhood  of  its 
point  of  condensation  (and  this  is  the  region  which  comes 
into  consideration  here)  the  laws  followed  by  slightly  super- 
heated vapour  are  not  accurately  known.  With  the  hope 
that  no  considerable  error  is  being  introduced,  we  shall 
assume  for  the  purposes  of  calculation  that  the  vapoui", 
although  little  superheated,  behaves  as  a  so-called  perma- 
nent gas. 

The  vapour  is  diffused  through  the  air.  In  regard  to 
weight,  pressure  and  total  volume  nothing  will  be  altered 
if  we  suppose  this  interdiffusion  of  air  and  vapour  suddenly 
to  cease.  We  should  then  see  air  and  vapour  existing  with 
unaltered   pressure  in  two  adjoining  spaces  separated  by  a 
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membrane  ;  the  two  spaces  together  would  have  the  same 
volume  as  the  space  originally  occupied  by  the  mixture  of 
air  and  vapour.  If  the  mixture  was  previously  at  a  pressure 
of  760  mm.,  the  same  would  be  the  case  after  the  separation. 
Thus,  in  order  to  find  the  volume  of  the  mixture  of  air  and 
vapour,  it  as  only  necessary  to  add  the  volumes  of  the  two 
portions. 

There  is  no  difficulty  in  finding  the  volume  of  a  certain 
weight  of  dry  air  or  of  vapour  above  its  point  of  saturation, 
at  a  given  temperature  and  pressure,  if  the  following  formulae, 
which  express  Mariotte's  law,  be  used : — 

'''-^-  =B.       or        JiiL=B    .    .    .    (12) 


2T6  +  0  '  273  +  t 

E  is  a  constant  for  each  gas :  for  air  E  =  29*27,  and, 
according  to  G.  Schmidt,  for  superheated  vapour  E  =  4:6'83. 

Accordingly  the  formula  for  calculating  the  volume  of  the 
hot  air  and  of  the  vapour  mixed  with  it,  at  the  temperature 

Y,  =  Yju  +  v.,  =  I  I  ?Z?J:A  (29-27  +  46-83  d^)  I     .     (13) 

Column  6  of  Table  II.  is  calculated  by  this  method. 

In  order  to  make  clear  the  manner  in  which  the  considera- 
tions developed  up  to  this  point  may  be  utilised  in  special 
cases  in  practice,  an  example  will  be  at  once  calculated;  at 
the  same  time  it  shows  how  the  figures  in  Table  II.  (pp.  22-25) 
are  obtained. 

Example.  One  hundred  kilos,  of  water  are  to  be  evaporated  by 
means  of  air,  the  maximum  temperature  of  which  may  not  exceed 
tn  =  100°  C,  it  being  assumed  that  the  atmospheric  air  and  tlie  air 
leaving  the  apparatus  are  both  completely  saturated  with  vapour 
and  that  the  barometric  height  is  760  mm. 

The  atmospheric  air  may  have  any  ordinary  temperature.  Thus 
it  will  be  necessary  to  calculate  the  required  values  for  all  possible 
external  temperatures.     Since,  however,  the  calculations  are  repeated 
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for  each  external  temperature,  we  shall  here  complete  them  for  the 
external  temperature  of  20°  C.  alone. 

The  following  quantities  are  to  be  determined :  The  requisite  weight 
of  air,  I,  temperature  of  the  exit  of  the  air,  tn,  the  volume  of  the  air 
before  entry,  V^a,  after  heating  to  100°  C,  Ym,  at  exit,  V?„,  and  the 
quantity  of  heat  to  be  expended,  C^. 

Equation  (9)  is  — 

"h    ~    tn |-^^« 

d,,  -  cla~  w  (0-2375  +  fZ„  0-475). 
Now  the  highest  temperature  of  the  air,  tj^  =  100°,  the  external 
temperature,  ta  =  20°,  and  hence  1  kilo,  of  air  contains  the  weight  of 
water,  da  =  0*0148  kilo.  (Table  I.,  column  11);  the  weight  of  water  to 
be  evaporated,  ^v  =  100  kilos.  The  material  to  be  dried  and  the  water 
it  contains  are  at  the  temperature  tu  =  15°,  hence  the  heat  necessary 
for  evaporation — 

C„  =r  (640  -  15)  100  =  62,500  calories. 
If  these  values  be  inserted  in  equation  (9),  we  obtain — 

100  -  t„     _  62500 

dn   -  0-0148  ~  100  (0-2375  +  0-0148  x  0-475) 

or,  ■  ^^^   ~  ^"   =  2556-2. 

dn   -  0-0148 

The  quantities  tn  (temperature  of  exit)  and  dn  (the  weight  of  water 
in  1  kilo,  of  air  at  that  temperature)  depend  directly  on  one  another 
in  such  a  manner  that  the  maximum  amount  of  water  in  air  at  any 
definite  temperature  is  known ;  but  these  quantities  are  not  propor- 
tional to  one  another.  It  is  therefore  necessary  to  insert,  by  trial, 
different  values  for  tn  and  the  corresponding  values  for  dn  obtained 
from  Table  I.,  column  11,  until  the  two  sides  of  the  equation  balance. 

After  several  trials  it  will  be  found  that  for  tn  =  36*25  and  the 
corresponding  dn  =  0-0398  (Table  I.,  column  11,  by  interpolation) — 

lOQ  -  36-25      _ 
0-0398  -  0-0148  ~  ' 

which  is  sufficiently  near  to  the  number  2556-2.     Thus  the  outlet  tem- 
perature from  the- drying  apparatus  is  36-25°  C. 

The  weight  of  air,  I,  is  obtained  from  equation  (7) — 

I  =^         '\     =-_122 =  4,000  kilos. 

dn  -  da       0-0398  -  0-0148 

The  weight  of  moisture^  Ida,  which  was  originally  in  the  4,000  kilos, 
of  atmospheric  air,  is  obtained  by  multiplying  the  weight  of  air  by  the 
number  which  represents  the  weight  of  saturated  water  vapour  con- 
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tained  in  1  kilo,  of  air  at  20°  C,  this  is:da  =  0*0148  (Table  I.,  column  11). 
Thus,  in  the  4,000  kilos,  of  air  there  were  originally — 

Ida  =  4000  X  0-0148  =  59*2  kilos,  of  water  vapour. 
The  volumes  of  the  air,  Yja  and  Yjn,  in  cubic  metres,  before  its  entry 
and  at  its  exit,  are  obtained  by  division  of  the  requisite  weight  of  air, 
I,  by  the  weight  of  1  cubic  metre  of  dry  air  at  the  particular  tempera- 
tures 20°  and  36-25°  G.  (Table  I.,  column  8)— 

At  20°  C.  Yia  =  ^^^  =  3,389  cubic  metres. 

1-1771 

At  86-25°  0.  V,„  =  i^  =  3,721  cubic  metres. 

1-075 

The  volume  of  the  heated  air,  Yik,  is  obtained  from  equation  (13) — 
V^;,  =  I  |?Z?_±i^  (29-27  +  46-83  fZ«)j, 

in  which  must  be  replaced — 

p  =  10,336  kilos.,  4  =  100°  C,  I  =  4,000  kilos.,  Ida  =  59-2  kilos. 
Therefore — 

V,;,  =  ^^^^  +  ^00  ^29.27  X  4000  +  59-2  X  46-83)  =  4,323  cubic  metres. 
10336 

Finally,  the  quantity  of  heat,  Cs-,  is  to  be  calculated,  which  is  required 
to  heat  4,000  kilos,  of  air  and  59-2  kilos,  of  water  vapour  from  20°  C. 
to  100°  0.     It  is  obtained  from  equation  (11) — 

Gg  =  (0-2375  I  -f  Z^„  0-475)  (4  -ta), 
in  which 

I  =  4000,  Ida  ==  59-2,         tu  =  100°  C,         ta  =  20°  0. 

Therefore- — 

C^  =  (4000  X  0-2375  +  59-2  x  0-475)  (100  -  20)  =  78,260  calories. 

The  figures  in  Table  II.  have  been  calculated  in  this  manner. 


Generally  speaking,  in  order  to  estimate  the  dimensions 
of  an  installation  for  a  definite  purpose  the  limiting  con- 
ditions will  alone  be  used,  in  which  the  air  to  be  employed 
is  either  at  the  lowest  or  the  highest  temperature ;  occa- 
sionally, however,  intermediate  values  will  be  more  suitable. 
Accordingly,  in  Table  II.  (pp.  22-25),  account  has  been  taken 
of  certain  cases  falling  between  the  limits,  which  latter  alone 
will  be  considered  later  on.  The  limits  of  the  temperature 
of  the  air  may  be  taken  as  -  20°  and  -\-  30°  C. 


22 
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TABLE  II. 


Weight  and  Volume  of  Air,  Outlet  Temperature  of  Air  and 

Expenditure  of  Heat  required  to  evaporate  100  kilos,  of 
water,  when  the  external  temperature,  ta,  =  -  20°  C.  to  +  30°  C, 
the  maximum  temperature,  U,  —  30°  0.  to  130°  C,  the  baro- 
metric pressure,  q,  —  760  mm.  The  external  air  and  the  air  at 
its  exit  are  both  cojnpletely  saturated  with  water  vapour. 


1 

2 

3 

4 

5 

6 

7 

8 

<u 

^^• 

i    e 

Volume  of  the  Air.            | 

^ 

S 

^ 

o-^ 

•S  f-T 

+3        . 

< 

S"^. 

1 

n:i'^ 

o 

>. 
M 

1^ 

is 

a;.   a:> 

t4-l 

O 

+3  ^ 

At  Entry, 

After 
Heating, 

At  Exit, 

Yin. 

1^     S 

"^2 

O  o 

o3    S 

°c. 

°c. 

Kilos. 

Kilos. 

Cubic 
Metres. 

Cubic 
Metres. 

Cubic 
Metres. 

Calories. 

Maxin 

lum  Temp 

erature,  t 

;,  -  30°  C. 

-20 

11-0 

13,230 

1009 

9,520 

11,360 

10,780 

157,347 

-15 

11-5 

13,550 

15-58 

9,900 

11,641 

11,070 

145,147 

-10 

120 

14,000 

24-08 

10,450 

11,940 

11,470 

133,480 

-    5 

12-75 

14,560 

36-98 

11,048 

12,495 

11,960 

121,660 

0 

13-5 

16,666 

64-49 

12,650 

14,380 

13,735 

119,640 

5 

15-5 

17,640 

97-54 

14,050 

15,262 

14,630 

105,625 

10 

17-25 

20,500 

158-26 

16,645 

17,797 

17,010 

98,880 

15 

19-75 

26,200 

282-96 

21,850 

22,857 

22,230 

95,340 

20 

22-75 

38,000 

665-0 

32,285 

33,833 

32,771 

93,000 

25 
30 

26-0 

66,666 

1346-65 

58,250 

59,010 

58,530 

87,357 

Maxii 

num  Temj 

)erature,  i 

;,  =  35°  C. 

-20 

12-75 

11,800 

9-00 

8,495 

10,295 

9,694 

154,363 

-15 

13-0 

11,830 

13-60 

8,670 

10,318 

9,730 

140,800 

-10 

13-5 

12,222 

21-02 

9,134 

10,770 

10,076 

131,085 

-    5 

14-25 

12,900 

32-94 

9,850 

11,356 

10,725 

120,000 

0 

15-5 

13,100 

50-69 

10,000 

11,458 

10,890 

109,725 

5 

17-0 

14,550 

80-46 

11,580 

12,792 

12,188 

104,820 

10 

190 

15,920 

123-00 

12,900 

13,858 

13,460 

96,225 

15 

21-0 

19,230 

207-68 

16,000 

17,063 

16,430 

93,300 

20 

24-0 

23,260 

346-25 

19,250 

20,670 

20,230 

85,335 

25 

27-0 

33,333 

673-33 

29,107 

30,013 

29,500 

82,350 

30 

30-0 

66,666 

1833-32 

59,690 

60,706 

60,000 

82,000 
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1            2 

3 

4 

5 

6 

7 

8 

+3    . 

1  °c. 

< 

P 
O 

Kilos. 

II 

Kilos. 

Volume  of  the  Air. 

■2  .^ 

o  ^ 

At  Entry 

Cubic 
Metres. 

After 
Heating, 

Cubic 
Metres. 

At  Exit, 

Cubic 
Metres, 

CD 

Calories. 

Maximum  Temperature,  tj^,  =  40°  (J. 


20 

15-0 

15 

15-25 

10 

15-5 

5 

16-25 

0 

17-0 

5 

18-75 

10 

20-75 

15 

22-75 

20 

25-25 

25 

28-25 

30 

31-75 

20 

17-5 

15 

18-0 

10 

18-5 

5 

19-5 

0 

20-5 

5 

22-0 

10 

23-0 

15 

25-0 

20 

27-0 

25 

30-0 

30 

33-5 

20 

21-0 

10 

21-5 

0 

23-0 

10 

25-75 

20 

29-5 

30 

35-25 

10,000 

7-63 

7,200    ( 

8,790 

8,290 

142,716 

10,150 

11-67 

7,435 

8,928 

8,440 

132,880 

10,550 

18-14 

7,865 

9,350 

8,773 

125,710 

10,800 

27-43 

8,250 

9,586 

9,015 

115,997 

11,710 

45-32 

9,125 

10,415 

9,881 

112,120 

12,090 

66-86 

9,625 

10,781 

10,.335 

101,258 

13,020 

100-51 

10,530 

11,650 

11,100 

94,200 

15,000 

162-0 

12,500 

13,488 

12,935 

90,975 

17,070 

252-64 

14,130 

15,445 

14,910 

85,000 

21,700 

438-34 

18,901 

19,801 

19,660 

82,445 

32,260 

887-25 

28,890 

29,770 

29,170 

80,818 

Maxin 

mm  Temp 

erature,  t) 

i  =  50°  C 

8,250 

6-33 

6,000 

7,582 

6,950 

138,180 

8,300 

9-54 

6,080 

7,592 

7,118 

128,505 

8,400 

14-45 

6,278 

7,692 

7,175 

120,120 

8,630 

21-92 

6,550 

7,912 

7,350 

113,300 

8,800 

34-06 

6,670 

8,085 

7,500 

105,300 

9,000 

49-77 

7,165 

8,292 

7,610 

97,245 

9,600 

79-72 

7,758 

8,830 

8,446 

92,160 

10,640 

114-91 

8,866 

9,906 

9,306 

90,-370 

11,760 

174-05 

9,809 

10,993 

10,370 

84,250 

13,700 

276-74 

11,970 

12,845 

12,267 

80,625 

15,700 

431-75 

14,058 

14,968 

14,410 

78,874 

Maxir 

aum  Temp 

erature,  t 

^  =  60°  C 

. 

6,600 

5-03 

4,758 

6,221 

5,637 

125,600 

6,800 

11-69 

5,082 

6,427 

5,840 

113,470 

7,000 

27-09 

5,310 

6,638 

6,185 

100,500 

7,310 

56-43 

5,935 

6,974 

6,400 

88,145 

8,370 

123-87 

6,925 

8,075 

7,475 

83,248 

10,310 

.    283-53 

9,232 

10,143 

9,520 

77,490 

24 
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1 1- 

2 

3 

4 

5 

6 

7 

8 

P 
Kilos. 

Is 

Kilos. 

Volume  of  the  Air. 

.S  '^' 

^4— 1         ^ 

C  -1-2 
(U    X 

At  Entry, 

Yia. 

Cubic 
Metres. 

After 

Heating 

V^„. 

Cubic 
Metres. 

At  Exit, 

Cubic 
Metres. 

Calories. 

20 

24-0     f 

10 

24-5 

0 

26-0 

10 

28-0 

20 

31-5 

30 

37-5 

20 

26-0 

10 

26-5 

0 

28-0 

10 

30-0 

20 

33-0 

30 

38-0 

Maximum  Temperature,  tj^  =  70°  C. 


5,430 
5,555 
5,610 
5,950 
6,930 
8,200 


Maximum  Temperature,  4  =  80°  C. 


4-14 

3,950 

5,266 

4,720 

116,242 

9-54 

4,155 

5,396 

4,840 

105,920 

21-71 

4,265 

5,468 

5,000 

94,010 

46-03 

4,835 

5,836 

5,380 

86,040 

103-30 

5,775 

6,922 

6,305 

82,700 

225-50 

7,342 

8,294 

7,695 

77,200 

4,845 
4,848 
4,850 
5,070 
5,555 
6,100 


3-70 

8-34 

18-77 

39-14 

82-21 

167-75 


3,485 
3,623 
3,675 
4,119 
4,600 
5,461 


4,910 
4,920 
4,939 
5,122 
5,675 
6,356 


4,240 
4,270 
4,390 
4,540 
5,180 
5,915 


115,250 
103,950 
92,880 
85,610 
81,498 
76,400 


Maximum  Temperature,  ^  =  90°  C. 


20 

28-0 

10 

28-75 

0 

30-0 

10 

31-75 

20 

34-5 

30 

39-5 

20 

30-5 

10 

31-0 

0 

32-0 

10 

34-0 

20 

36-25 

30 

41-0 

4,125 
4,155 
4,235 
4,370 
4,750 
4,950 


3-15 

7-15 

16-39 

33-74 

70-30 

136-13 


2,893 
3,106 
3,215 
3,550 
3,925 
4,432 


4,243 

3,657 

107,910 

4,260 

3,670 

99,010 

4,377 

3,792 

91,170 

4,544 

3,954 

84,320 

5,195 

4,366 

81,340 

3,308 

4,710 

75,400 

Maximum  Temperature,  tj,  =  100°  C. 


3,610 
3,630 
3,670 
3,740 
4,000 
4,050 


2-75 

6-24 

14-20 

28-87 

59-20 

111-38 


2,532 
2,710 
2,780 
3,035 
3,389 
3,626 


3,820 

[     3,245 

3,875 

3,275 

3,901 

3,267 

4,000 

3,430 

4,323 

3,721 

4,503 

3840 

103,080 
95,150 
87,900 
81,180 
78,860 
74,980 
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1 

2 

3 

4 

5 

6 

7 

8 

■5  . 

CD 

5  o 

O 

'S 
Kilos. 

.2    e 

o  ~S 

If 

Kilos. 

Volume  of  the  Air. 

fl  .- 

At  Entry, 

Yla. 

Cubic 

Metres. 

After 
Heating, 

Cubic 
Metres. 

At  Exit, 

Cubic 
Metres. 

Calories. 

Maxiraum  Temperature,  4  =  110°  C. 


20 

32-0 

3,290 

10 

32-5 

3,300 

0 

33-5 

3,333 

10 

35-0 

3,460 

20 

37-5 

3,560 

30 

41-75 

3,690 

2-51 

5-68 

12-89 

26-71 

52-69 

101-48 


2,375 
2,465 
2,529 
2,809 
2,947 
3,304 


3,615 
3,621 
3,680 
3,845 
4,003 
4,228 


Maximum  Temperature,  h  =  120°  C. 


20 

33-6 

2,980 

10 

34-0 

3,000 

0 

35-0 

3,015 

10 

36-5 

3,080 

20 

39-0 

3.150 

30 

42-75 

3,230 

2-27 

5-16 

11-67 

23-78 
46-62 

88-83 


2,089 
2,245 
2,285 
2,505 
2,607 
2,892 


3,318 
3,346 
3,374 
3,450 
3,587 
3,751 


2,980 
3,000 
3,101 
3,195 
3,341 
3,575 


2,722 
2,750 
2,795 
2,870 
3,031 
3,150 


101,790 
95,040 
87,780 
83,400 
78,300 
74,000 


100,632 
92,950 
86,640 
81,730 
77,000 
72,810 


Maximum  Temperature,  t^  =  130°  C. 


-20 

35-5 

2,700 

-10 

36-0 

2,720 

0 

36-5 

2,753 

10 

37-75 

2,800 

20 

40-25 

2,860 

30 

43-75 

2,895 

2-06 

1,895 

3,086 

2,495 

4-68 

2,033 

3,113 

2,432 

10-65 

2,088 

3,162 

2,665 

21-63 

2,274 

3,262 

2,630 

42-33 

2,365 

3,342 

2,730 

79-61 

2,592 

3,451 

2,845 

96,300 
90,720 
85,540 
81,000 
77,000 
72,600 

Several  conclusions  may  be  drawn  from  an  examination 
of  Table  II.  :— 

In  the  first  place,  it  is  evident  that  the  consumption  of 
heat  in  drying  by  means  of  air  decreases  rapidly  when  the 
temperature,  4,  to  which  the  air  is  previously  heated,  is 
raised.  When  the  air  is  slightly  heated  the  expenditure 
of  heat,  C^,  in  drying  100  kilos,  of  water  is  very  large,  in 
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fact  two  to  three  times  as  great  as  the  theoretical  quantity 
of  heat,  C„,  required  to  evaporate  the  water. 

Next,  we  find  that  the  quantity  of  heat  required  increases 
considerably  when  the  external  temperature  is  diminished. 
The  colder  the  atmosphere,  the  more  heat  is  necessary  to 
evaporate  100  kilos,  of  water. 

Further,  it  appears  that  the  weight  of  air  to  be  conveyed  into 
the  drying-room  increases  as  its  temperature  increases.  The 
lower  is  the  outside  temperature  the  less  air  is  required, 
the  maximum  temperature  in  the  drying  apparatus  remaining 
the  same  and  also  supposing  that  the  atmospheric  air  is 
always  saturated  with  moisture.  But  the  smaller  quantity 
of  colder-air  requires  many  more  calories  than  the  larger 
quantity  of  warmer  air  in  order  to  be  raised  to  the  same 
temperature,  tj^ 

Hence  we  obtain  the  rules  : — 

1.  The  hot  air,  before  entry  into  the  drying-room,  should  he 
given  the  highest  temperature  compatible  with  the  nature  of 
the  material  to  be  dried. 

2.  The  heating  surface  must  be  so  large  that  it  suffices 
even  on  the  coldest  days. 

3.  The  ap2^aratus  for  circulating  the  current  of  air  should 
be  of  sufficient  size  to  convey  the  great  quantity  of  air  required 
on  the  hottest  days. 

Thus  on  cold  days,  if  the  heating  surface  be  sufficient,  the 
blowing  apparatus  will  be  too  large.  The  latter  may  then 
be  run  below  its  full  capacity.  On  warm  days  the  blowing 
apparatus  is  sufficient  and  the  heating  surface  too  large.  A 
portion  of  the  latter  should  alone  be  used. 

The  weight  of  air  required  in  unit  time  has  a  very  vari- 
able volume.  The  volume  is  smallest  before  entry  (Table 
II.,  column  5),  largest  after  heating  (column  6),  and  inter- 
mediate when  it  leaves  the  drying-room  (column  7).  In 
order  that  the  air  may  not  have  an  excessive  velocity  in  any 
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part  of  the  apparatus,  the  flues  and  transverse  sections  of 
the  apparatus,  across  which  the  air  passes,  should  be  given 
dimensions  in  accordance  with  the  varying  volumes.  When 
the  air  is  moved  mechanically  it  is  always  more  convenient 
to  move  a  smaller  volume.  Thus  it  seems  desirable  to 
arrange  the  fan  before  the  heating  chamber.  If  this  is  not 
convenient  it  should  be  placed  at  the  exit  from  the  apparatus. 
The  most  unfavourable  position  would  be  after  the  heating 
chamber. 

Fans  cause  a  slight  vacuum  in  the  inlet  current  of 
air  and  a  slight  pressure  in  the  outlet  air.  Subsequently 
it  will  be  shown  that  it  is  favourable  to  the  output  of  the 
apparatus  and  the  expenditure  of  heat  if  there  is  a  lower 
pressure  in  the  drying- room  than  in  the  outside  atmosphere ; 
thus  it  is  advisable  to  place  the  fan  at  the  exit  from  the 
drying-room,  i.e.,  it  is  better  to  withdraw  the  air  from  the 
drying- room  than  to  pump  it  in. 

At  sea-level  the  barometer  probably  varies  between  740 
and  780  mm.  Table  II.  is  calculated  only  for  the  barometric 
height  of  760  mm.,  because  even  such  large  and  rare  varia- 
tions as  20  mm.  of  mercury  have  a  very  small  influence  on 
the  weight  and  volume  of  the  required  air,  so  that  this  in- 
fluence would  hardly  be  perceptible  in  the  figures  in  the 
table.  However  small  the  influence  may  be,  it  is  however 
in  favour  of  the  higher  pressure,  i.e.,  the  higher  the  baro- 
meter the  less  air  is  required  and  the  more  cheaply  is  the 
drying  accomplished,  other  conditions  being  the  same.  The 
lower  the  barometer  the  more  air  and  heat  are  required 
to  evaporate  a  certain  weight  of  water.  In  any  case  the 
advantage  or  disadvantage  due  to  this  cause  is  very  slight.' 

What  has  just  been  said  holds  good  only  for  the  case  in 
which  the  pressure  in  the  drying-room  is  equal  to  that  of 
the  atmosphere ;  only  when  the  heights  of  the  barometer 
in  the  drying-room  and  outside  are  the  same  is  high  pressure 
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an  advantage.  The  opposite  is  the  case  when  another 
pressure,  higher  or  lower  than  that  of  the  atmosphere,  is 
artificially  produced  in  the  drying-room ;  then  a  lower  pres- 
sure is  advantageous,  as  will  be  seen  in  Chapter  IV. 

B.  —  When  the  atmospheric  air  is  completely  saturated  before 
entry,  hut  at  its  exit  is  07ily  f,  4  or  \  saturated  with 
moisture. — Tables  III.,  IV. ,  V.  and  VI. 

For  the  calculation  of  Tables  II.  (pp.  22-25)  and  III.  (pp.  30- 
31)  it  was  assumed  that  the  atmospheric  air  introduced  into  the 
apparatus  and  also  the  air  leaving  it  were  completely  saturated 
with  water  vapour.  The  figures  in  the  tables  are  correct  only 
when  this  is  the  case. 

Complete  saturation  of  the  air  at  entry  or  exit  practically 
never  occurs.  Neither  is  the  atmospheric  air  quite  saturated 
with  water  vapour,  nor  can  a  drying  apparatus  be  constructed 
so  that  the  air  shall  leave  it  in  that  condition. 

We  shall  now  consider  the  case  in  which  the  air  enters 
the  apparatus  completely  saturated,  but  leaves  it  in  a  state 
of  incomplete  saturation. 

Air  is  saturated  when  unit  volume  of  it  contains  the  same 
weight  of  water  as  the  same  space  could  contain  if  air  were 
absent.  Air  is  saturated  to  the  extent  of  f,  |-  or  J  when 
unit  volume  contains  |,  ^  or  \  of  the  weight  of  water  which 
it  can  contain  at  the  maximum. 

As  the  degree  of  saturation  of  the  air  deceases,  so  also 
does  the  pressure  of  the  water  vapour  in  the  air,  and  since 
the  barometric  pressure  is  the  sum  of  the  pressures  of  air 
and  vapour,  unit  volume  contains  a  greater  weight  of  air, 
the  smaller  the  weight  of  water  it  contains. 

In  order  to  have  the  necessary  figures  at  hand  for  the 
succeeding  calculations,  Table  III.  (pp.  30-31)  has  been  drawn 
up.     In  it  are  given   the  pressures  of  water  vapour  and  air 
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and  the  weights  of  1  cubic  metre  of  each  at  the  degrees  of 
saturation  represented  by  |,  ^  and  \.  These  figures  are 
given  for  the  barometric  height  of  760  mm.  alone,  since  differ- 
ences in  the  barometric  pressure  do  not  give  rise  to  any  con- 
siderable variations  in  the  figures. 

In  the  columns  2,  7  and  12  of  Table  III.  are  given  the 
weights  of  1  cubic  metre  of  water  vapour,  |,  ^  and  -J  saturated, 
at  temperatures  from  -  20°  to  +  100°  G.  They  are  found 
by  taking  the  corresponding  fraction  of  the  weight  of  1  cubic 
metre  of  vapour  as  given  in  Table  I.,  column  3,  e.g.,  at 
-  20°  C.  One  cubic  metre  of  saturated  water  vapour  weighs 
0"00106  kilo.,  therefore  1  cubic  metre,  which  contains  half  the 
quantity  of    saturated  vapour  at  this  temperature,  contains 

9:^^^  =  0-00053  kilo,  (column  7). 

In  columns  3,  8  and  13  are  given  the  pressures  of  this 
vapour.  The  partially  saturated  vapour  is  to  be  regarded  as 
superheated,  and,  consequently,  formula  (12) — 

E, 


Y^pi 


'AT6  +  t 
in  which  E  =  46*83,  is  to  be  applied. 

The  weight  of  1  cubic  metre  of  vapour  is  given  by — 

kd  =  2:-  and  V,,  =  A 

The  pressure  p^,  in  kilos,  per  square  metre  at  the  absolute 

pressure   g^^   measured  in  millimetres    of   mercury,   is  given 

by — 

V    =  ^^Jd  =    10,336  qa 
760  760      ' 

since  p,   the  pressure    of   the  atmosphere,   is   10,336   kilos, 
per  square  metre. 

Thus  equation  (12)  takes  the  form  — 

J^   10,336  Qci 
kg         760 
^  -      273  +  t      ' 
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TABLE 


Pressures  and  Weights  of  1  cubic  metre  of  f 
The  Weights  of  i 


J  and  J 

J  and  J  Saturated  Vapour  contained  in 

from  -  20° 


The  Air  is  |  Saturated  with  Water  Vapour. 


The  Air  is  i  Satu 


Weight  of 

the  Vapour 

in  1  Cubic 

Metre. 

Kilos. 


-20 

-15 

-10 

-    5 

0 

5 

10 

15 

20 

25 

30 

35 

40 

45 

50 

55 

60 

65 

70 

75 

80 

85 

90 

95 

100 


0-00080 

0-00122 

0-00175 

0-00252 

0-00372 

0-00522 

0-00713 

0-00974 

0-01317 

0-01736 

0-0231 

0-0298 

0-0384 

0-0492 

0-0626 

0-0723 

0-0984 

0-1217 

0-1494 

0-1830 

0-2109 

0-2681 

0-3210 

0-3830 

0-4845 


Pressure 

of  the 

Vapour, 

qd. 

Mm. 


0-697 
1-080 
1-325 
2-320 
3-444 
4-999 
6-886 
9-54 
13-2 
17-8 
24-1 
31-0 
41-3 
53-1 
69-2 
81-6 
112-8 
141-5 
175-6 
218-9 
255-1 
330-0 
401-1 
485-0 
619-0 


Pressure 
of  the 
Air,  qi. 

Mm. 


759-3 
759-0 
758-7 
757-7 
756-6 
755-0 
753-1 
750-5 
746-8 
752-2 
735-9 
729-0 
718-7 
707-0 
691-0 
679-0 
647-2 
618-5 
584-4 
541-1 
5050 
420-0 
359-t) 
275-0 
141-0 


Weight 
of  Dry 
Air  in 
1  Cubic 
Metre. 

Kilos. 


1-390 
1-366 


Weight  of 

Vapour,  d, 

in  1  Kilo. 

of  Air. 

Kilos. 


339 

317 

286 

261 

235 

■208 

194 

■169 

128 

•101 

•067 

1-032 

0-994 

0-951 

0-899 

0-850 

0-789 

0-722 

0-665 

0-546 

0-458 

0-347 

0-176 


0-000575 

0-00090 

0-00130 

0-00192 

0-00288 

0-00414 

0-00577 

0-00806 

0-01103 

0-01485 

0-0205 

0-0270 

0-0351 

0-0476 

0-0625 

0-076 

0-109 

0-143 

0-189 

0253 

0-317 

0-491 

0-700 

1-104 

2-750 


Weight  of 

the  Vapour 

in  1  Cubic 

Metre. 

Kilos. 


0-00053 

0-00078 

0-00115 

0-00168 

0-00288 

0-00348 

0-00475 

0-00640 

0-00877 

0-01156 

0-0154 

0-0199 

0-0256 

0-0328 

0-0417 

0-0522 

0-0656 

0-0811 

0-0996 

0-1220 

0-1479 

0-1787 

0-214 

0-255 

0-303 


Pressure 

of  the 

Vapour, 

qd. 

Mm. 


0-461 
0-720 
0-816 
1-540 
2-254 
3-32 
4-55 
6-36 
8-84 
11-8 
16-1 
20-6 
27-54 
35-4 
46-3 
54-4 
75-0 
94-3 
117-7 
145-9 
180-0 
220-0 
267-4 
323-4 
412-6 
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III. 

Saturated  Water  Vapour  and  of  the  accompanying  Dry  Air. 
1  kilo,  of  Air,  with  the  barometer  at  760  mm.,  and  at  temperatures 
to  +  100°  C. 


9 

10     1 

11 

12 

13 

14 

15 

16 

rated  with  Water  Vapour. 

The  Air  is  J  Saturated  with  Water  Vapour. 

Pressiire 

of  the 

Air,  qi. 

Weight 
of  Dry 
Air  in 
1  Cubic 
Metre. 

Weight  of 

Vapour,  d, 

in  1  Kilo. 

of  Air. 

Weight  of 

the  Vapour 

in  1  Cubic 

Metre. 

Pressure 

of  the 

Vapour, 

qa. 

Pressure 
of  the 
Air,  qi. 

Weight 
of  Dry 
Air  in 
1  Cubic 
Metre. 

Weight  of 

Vapour,  d, 

in  1  Kilo. 

of  Air. 

Mm. 

Kilos. 

Kilos. 

Kilos. 

Mm. 

Mm. 

Kilos. 

KUos. 

759-5 

1-395 

0-00038 

0-00027 

0-235 

759-8 

1-390 

0-00020 

759-3 

1-367 

0-00057 

0-00044 

0-360 

759-7 

1-367 

0-00032 

759-2 

1-340 

0-0008B 

0-00060 

0-408 

759-6 

1-341 

0-000447 

758-5 

1-319 

0-00127 

0-00084 

0-770 

759-2 

1-320 

0-000636 

757-75 

1-288 

0-00220 

0-00124 

1-164 

758-8 

1-290 

0-00100 

756-7 

1-264 

0-00275 

0-00174 

1-660 

758-3 

1-267 

0-00136 

755-4 

1-238 

0-00384 

0-00238 

2-275 

im-1 

1-237 

0-00192 

753-7 

1-213 

0-00530 

0-00325 

3-180 

756-8 

1-218 

0-00257 

751-2 

1-190 

0-00737 

0-0044 

4-440 

755-5 

1-197 

0-00369 

748-2 

1-154 

0-01000 

0-0058 

5-930 

754-0 

1-172 

0-00500 

744-0 

1-141 

0-0135 

0-0077 

8-03 

752-0 

1-153 

0-00668 

739-4 

1-116 

0-0170 

0-0099 

10-30 

749-7 

1-132 

0-00874 

732-5 

1-087 

0-0235 

0-0128 

13-772 

746-2 

1-107 

0-0115 

724-6 

1-057 

0-0310 

0-0164 

17-70 

742-3 

1-084 

0-0151 

713-7 

1-026 

0-0406 

0-0209 

23-0 

737-0 

1-060 

0-0197 

705-6 

0-996 

0-0530 

0-0261 

27-2 

733-0 

1-045 

0-0250 

685-0 

0-952 

0-0689 

0-0328 

37-5 

722-5 

1-004 

0-0300 

665-7 

0-915 

0-0886 

0-0406 

47-17 

712-8 

0-980 

0-0470 

642-3 

0-867 

0-1149 

0-0496 

58-9 

701-1 

0-946 

0-0524 

614-1 

0-820 

0-14S5 

0-061 

72-9 

687-0 

0-917 

0-0665 

580-0 

0-763 

0-1938 

0-073 

90-0 

670-0 

0-882 

0-0827 

540-0 

0-702 

0-2540 

0-0894 

110-0 

650-0 

0-845 

0-106 

492-6 

0-628 

0-3407 

0-107 

133-7 

626-3 

0-799 

0-134 

436-6 

0-551 

0-4630 

0-128 

161-7 

598-3 

0-755 

0-169 

347-4 

0-133 

0-7000 

0-1515 

206-3 

553-7 

0-689 

0-220 
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The  pressure  of  unsaturated  vapour  in  the  ah  is  therefore — 

_  B  (273  +  t)  kg  760 
^'^  ~  10,336 

Columns  3,  8  and  13  of  Table  III.  are  calculated  by  means 
of  this  equation. 

Example. — At  a  temperature  of  -  20°  C.  and  at  a  saturation  of  50 
per  cent.  (  =  ^)  the  pressure  of  aqueous  vapour  in  millimetres  of  mercury 
is — , 

46-83  (273  -  20)  0-00053  x  760 


^'^  "  10,336 


=  0-461  mm. 


The  columns  4,  9  and  14,  in  which  the  pressure  of  the  air 
is  given,  are  obtained  by  taking  the  difference  between  the 
atmospheric  pressure  of  760  mm.  and  the  pressure  of  the 
vapour  qa. 

Example.  —  In  the  last  example  the  tension  of  the  air  is — 
qi   ^  760  -  0-461  =  759-539  mm. 

In  columns  5,' 10  and  15  is  given  the  weight  of  the  dry 
air  contained  in  1  cubic  metre,  which  also  contains  |,  ^  and 
J  saturated  vapour.  This  weight  is  determined  according 
to  equation  (3) — 

_  0-0001252  2^ 
'  ~     1  +  et     760' 

Inserting  the  values  for  p  and  e,  we  obtain — 


k,   = 


0-0001252  X  10,336  2;. 


(1  +  0-003665  t)  760 

Example. — In  the  above  example  for  tn  —  -  20°  0.  and  semi-satura- 
tion, qi  =  759-539,  hence  the  weight  of  air  in  1  cubic  metre  is — 

^  0_;0001252  X  10,336  x  759-539  _  ^.g^^  ^^^^^ 
[1  +  0-003665  (-  20)}  760    " 

Finally,  columns  6,  11  and  16  give  the  weight  of  vapour 
contained  in   1   kilo,   of   air.     This  is  obtained   by  division 
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of  the  weight  of  air  (column  10)  into  the  weight  of  vapour 
(column  7). 

Example. — For  t  =  -  20°  C.  and  semi-saturation — 

d=^^  OjOOOSS  _ 0-00038  kilo. 
ki  1-395 


In  this  manner  Table  III.  has  been  compiled. 


With  the  aid  of  Table  III.,  Tables  IV.  (p.  35),  V.  (p.  36), 
and  VI.  (p.  37),  can  now  be  calculated.  They  deal  with  the 
cases  in  which  the  external  air  is  completely  saturated,  but 
the  air  leaving  the  apparatus  is  only  f  (IV.),  ^  (V.)  and  J 
(VI.)  saturated.  These  tables  give  the  weights  and  volumes 
of  air  necessary  to  dry  100  kilos,  of  water,  the  outlet  tempera- 
ture of  the  air  and  the  consumption  of  heat,  just  as  Table  II. 
(pp.  22-25)  gives  the  corresponding  values  for  saturated 
emergent  air. 

The  calculations  are  performed  quite  in  a  similar  manner 
to  those  in  section  A  of  this  chapter,  but  for  the  sake  of 
greater  clearness  an  example  will  be  given. 

Example. — With  the  barometer  at  760  mm.,  w  =  100  kilos,  of  water 
are  to  be  evaporated  by  means  of  air,  which  may  be  heated  to  the  max- 
imum temperature  th  =  100°  C. ;  the  external  temperature,  ta  =  0°  G. 
It  is  assumed  thab  the  external  air  is  completely  saturated  with  water 
vapour  and  that  the  air  leaving  the  apparatus  is  f  saturated.  The 
temperature  of  the  material  to  be  dried  is  t^  =  15°  C. 

According  to  equation  (9) — 

th    —    tg  _  Gn 

dn  -  da~  w  (0-2375  +  0-475  da  )' 

now  tu  =  100°,   10  =  100  kilos.,    C„  =  62,500,  da  =  0-00387   (Table  I., 
colurnn  11),  hence 

100  -  tn  62,500  =2616. 


dn  -  0-00387   100  (0-2375  ■{■  0-00387  x  0-475) 

3 
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By  trial  insertions  of  various  values  for  tn^  and  the  corresponding 
values  for  dn  from  Table  III.  (pp.  30-31)  column  6,  it  is  finally  found 
that  tn  =  36°  and  dn  =  0-0284  make  the  left-hand  side  of  the  equation 
equal  to  2610.     Thus  the  outlet  temperature  is  36°  C. 

The  requisite  weight  of  air,  I,  is  obtained  from  equation  (7) — 

I  =  lOQ  ^  100  _   .  ^„^ ,  ., 

dn  -  0-00387       0-0284  -  0-00387  ~  ^^^'^  ^^'''^' 

The  saturated  water  vapour  originally  contained  in  4,076  kilos,  of 
air  is  Ida  =  4076  x  0-00387  -  15*774  kilos. 

The  volume  Ym,  of  the  4,076  kilos,  of  air  at  ta  —  0°  C.  is,  according  to 
Table  I.,  column  8 — 

Yia  =  i^  =  3,176  cubic  metres. 

The  volume,  Yn,,  of  the  air  after  heating  to  100°  C.  is  obtained  from 
equation  (13),  in  which  we  insert — 

4  =  100°,         I  =  4,076,         Ida  =  15-8. 

Therefore — 

97S   4-   100 
"^"^   =      .noo^g      (29-27  X  4076  +  46-83  x  15-8)  -  4333-6  cubic  metres. 
10,000 

At  its  exit  from  the  apparatus,  i.e.,  at  the  temperature  tn  =  36° 
and  at  |  saturation,  the  volume,  V?„,  of  the  4,076  kilos,  of  air  is,  by 
interpolation  in  column  5  of  Table  III. — 

^in  =   ^  ^^.  =  3725-8  cubic  metres. 
1-094 

Finally,  the  necessary  quantity  of  heat  is  obtained  by  means  of 
equation  (11) — 

Cg  =  (4076  X  0-2375  +  15-8  x  0-475)  (100  -  0)  =  97,655  calories. 
Tables  IV.,  V.  and  VI.  have  been  calculated  in  this  manner. 


DRYING    BY    MEANS    OF    AIR    AND    STEAM. 


35 


TABLES  IV.,  V.  AND  VI. 
Weight  and  Volume  of  Air,  Temperature  of  Exit  and  Expenditure 

of  Heat  required  to  evaporate  100  kilos,  of  water,  when  the  external 
temperature  is  -  20°  to  +  30°  C,  the  maximum  temperature  is  35°, 
50°,  70°,  100°  and  130°  G.,  the  external  air  is  completely  saturated,  and 
the  emergent  air  is  only  ^,  \  or  ^  saturated  with  water  vapour.  Also 
expenditure  of  heat  when  the  external  air  is  f  saturated  (see  end  of 
present  chapter). 

TABLE  IV. 

External  air  completely  saturated.     Emergent  air  is  f  saturated. 
Pressure  in  drying-room,  g  =  760  mm. 


1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

c8    S 

ft 

<s 
+3 

■s.< 

^    03 

Volume  of  the  Air. 

03 

External  Air  | 
Saturated. 

At 

After 

At 

03 

03 

03    cS     S 

?H    03 

+3    +^ 

Entry, 

Yia. 

Heating, 

Exit, 

-So 
S  -(J 

PL,  CS 

03   H_3 

aw  sj 

03    oS-J-J 

^f^ 

^< 

^■i 

Hffi 

3  o 

°c. 

°c. 

Kilos. 

Kilos. 

Cubic 
Metres. 

Cubic 
Metres. 

Cubic 
Metres. 

Calories. 

°C. 

Calories. 

Maximum  Temperature,  t^  =  35°  C. 


14-6 

12,720 

9-7 

9,158 

11,108 

10,316 

166,408 

-25 

18-6 

15,720 

60-8 

12,256 

13,499 

13,123 

130,763 

-   5 

24-75 

24,300 

262-4 

20,250 

21,384 

20,770 

116,640 

10 

27-25 

37,040 

548-2 

31,470 

32,595 

32,200 

133,344 

15 

30-75 

71,430 

1442-9 

62,280 

63,572 

63,620 

171,434 

20 

21-0 
24-0 

28-5 
38-0 


Maximum  Temperature,  th  =  50°  C. 

9,000         6-87     6,478       8,229  [    7,561    149,849 

9,823       38-0       7,655       9,026      8,867    117,550 

12,500     135-0     10,424     11,625    11,062    105,875 

20,412    561-0    18,274     19,460    18,896   102,275 

Maximum  Temperature,  th  =  70°  C. 


25 

5 

10 

25 


27-1 

6,075 

4-64 

4,374 

5,911 

5,272 

130,050 

-25    f 

29-25 

6,387 

24-5 

4,988 

6,196 

5,588 

106,159 

-    5 

33-5 

7,142 

77-1 

5,950 

7,028 

6,493 

95,306 

10 

1  41-66 

8,621 

239-0 

7,719 

8,749 

8,164 

86,440 

25 

Maximum  Temperature,  t^  =  100°  C. 


f  35-25 

3,963 

3-02 

2,853 

4,193 

3,608 

113,113 

-25 

36-0 

4,076 

15-8 

3,176 

4,334 

3,726 

97,655 

-    5 

39-5 

4,130 

45-9 

3,540 

4,561 

4,000 

87,361 

10 

45-75 

4,505 

123-9 

4,034 

4,968 

4,383 

79,013 

25 

Maximum  Temperature,  t^  =  130°  C. 


40-1 

2,896 

2-21 

2,085 

3,265 

2,716 

103,320 

-25 

41-3 

2,900 

11-2 

2,260 

8,322 

2,741 

90,227 

-   5 

43-75 

3,000 

32-4 

2,500 

3,483 

2,960 

88,490 

10 

^49-4 

3,003 

82'6 

2,689 

3,570 

3,033 

74,996 

25 

152,162 

113,151 

89,424 

91,860 

91,433 

139,769 

106,549 

90,875 

67,187 


123,246 

98,062 
85,918 
71,298 

108,675 
93,090 
82,265 
73,450 

100,077 
86,979 
74,890 
71,288 
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TABLE  V; 


External  air  completely  saturated.     Emergent  air  J  saturated. 
Pressure  in  drying-room,  g  =  760  mm. 


1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

03  '-i 
-1-3     S 

+=    s 

a  § 

CD  a 

°c. 

n 

-1-2 

Kilos. 

i4 

-J 

Kilos. 

Volume  of  the  Air. 

O 

2 
Calories. 

External  Air  | 
Saturated. 

Temperature 
p    Saturated  Ex 
Air,  tn. 

At 
Entry, 

Yla. 

Cubic 
Metres. 

After 

Heating, 

Yih. 

Cubic 
Metres. 

At 
Exit, 

Yin. 

Cubic 
Metres 

°C. 

0) 

PI  § 
Ph3h 

Calories. 

Maximum  Temperature,  tji  —  35°  C. 


20 

17-75 

15,151 

11-56 

10,907 

13,231 

12,621 

198,212 

-25 

0 

23-0 

19,762 

76-5 

15,400 

17,344 

16,922 

165,543 

-   5 

12-5 

27-0 

'^^M^ 

44-1 

36,500 

38,667 

38,600 

240,886 

7-5 

17-5 

30-75 

70,000 

906-0 

58,820 

61,600 

61,400 

290,800 

12-5 

181,242 
143,410 
191,069 
212,400 


20 

0 

80 


24-3 

28-25 
44-2 


Maximum  Temperature,  4  =  50°  C. 


10,582 
11,736 
42,553 


8-081 
45-32 
1170-0 


7,618 

9,678 

9,154 

176,190 

-25    1 

9,146 

10,784 

10,210 

140,441 

-   5 

38,191 

40,505 

40,070 

233,220 

25    1 

164,339 

127,712 
180,672 


20 

0 

30 


Maximum  Temperature,  tn.  =  70°  C. 


32-5 

6,990 

5-33 

5,033 

6,801      6,100 

149,634 

-25 

35-25 

7,463 

28-9 

5,832 

7,297      6,711 

123,262 

-    5 

47-5 

10,753 

295-7 

9,628 

10,906    10,329 

107,768 

25 

141,866 

114,904 

94,460 


20 
0 

30 


Maximum  Temperature,  th  —  100°  G. 


40-1 

4,366 

3-33 

3,144 

4,619 

4,010 

41-8 

4,444 

17-2 

3,468 

4,724 

4,260 

52-5 

5,155 

141-7 

4,616 

5,687 

5,099 

124,6211-25 

106,362   -   5 

90,412 1    25 


119,733 

101,385 

84,046 


20 
0 

30 


46-1 

3,125 

47-5 

3,135 

56-5 

3,309  1 

Maximum  Temperature,  tu  =  130°  C. 

2-361 
12-1 
90-75 


2,250 

3,173 

2,975   111,493 

-25 

2,443 

3,592 

3,006     97,500 

-   5 

2,963 

3,923 

3,358     82,685 

25 

107,993 
93,989 
78,599 
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TABLE  VI. 

External  air  completely  saturated.     Emergent  air  J  saturated. 
Pressure  in  drying-room,  g  =  760  mm. 


1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

O   +3 

>> 
ft 

1^ 

Volume  of  the  Air. 

"0 

<D 

External  Air  f 
Saturated. 

0)   X 

f-l  1— ( 

OS  a 

=1-1 
o 

At 

After 

At 

-t^      4> 

c3    S 

:3 

a  § 

+3  *^ 

Entry, 

Via. 

Heating, 

Exit, 

a    . 

PhoS 

EiJ^^ 

^:^ 

^i 

Wo 

°c 

°C. 

Kilos. 

Kilos. 

Cubic 
Metres. 

Cubic 
Metres. 
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A  comparison  of  Table  II.  (pp.  22-25)  with  Tables  IV.  (p.  35), 
V.  (p.  36)  and  VI.  (p.  37)  shows  that  the  necessary  quantities 
of  air  and  heat  increase  considerably  with,  though  to  a  smaller 
extent  than  is  proportional  to,  the  decreasing  degree  of  satu- 
ration of  the  emerging  air ;  that  the  difference  is  least  when 
the  air  is  heated  to  a  higher  temperature,  and  greatest  when 
the  air  is  heated  to  a  lower  temperature  ;  and  that,  with  very 
warm  external  air  and  a  low  maximum  temperature,  no  drying 
at  all  takes  place,  as  is  shown  by  the  tables  for  maximum  tem- 
peratures of  35°  and  50°  C.  and  an  external  temperature  of  30°  C. 

In  order  that  the  alterations  in  the  quantity  of  air,  amount 
of  heat  and  exit  temperature,  due  to  variations  in  the  external 
temperature  and  in  the  highest  temperature  to  which  the  air 
can  be  heated,  may  be  seen  at  a  glance,  the  accompanying 
Diagram  II.  has  been  plotted  to  represent  the  results  of  Table 
IV.  The  abscissae  represent  external  temperatures  from  -  20 
to  +  30°  C,  the  ordinates  give  the  values  for  the  volumes  of 
emergent  air,  V?„,  the  exit  temperature  t„y  and  the  consumption 
of  heat,  Gg,  the  whole  being  given  for  five  cases — viz.,  when 
the  highest  air  temperature,  tj^,  is  35°,  50°,  70°,  100°  and  130°  C. 
In  every  case  the  amount  of  water  evaporated  is  100  kilos. 

The  ordinates  give  the  exit  temperatures  in  degrees  Centi- 
grade immediately,  but  in  order  to  obtain  the  correct  values 
for  the  emergent  volume  of  air,  V,„,  in  cubic  metres  and  the 
consumption  of  heat  C^,  in  calories,  the  ordinates  must  be 
multiplied  by  1,000. 

The  curves  are  drawn  in  heavy,  light,  broken  or  dotted  lines 
for  the  sake  of  distinctness,  the  curves  relating  to  the  same 
maximum  temperature  being  always  drawn  in  the  same  manner. 

C. — When  the  atmospheric  air  is  not  saturated  luith  water 
vapour  before  entering  the  drying  apparatus. — Table  VII. 

When  the  air,  before  entering  the  drying  apparatus,  is  not 
completely  saturated  with  water  vapour,  1  kilo,  of  the  air 
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does  not  contain  the  maximum  weight  of  water  which  it  can 
retain  at  the  particular  temperature,  but  only  as  much  as  it 
can  retain  as  a  maximum  at  some  lower  temperature.  For 
example,  1  kilo,  of  air  at  15°  C.  can  contain,  when  saturated, 
0*0108  kilo,  of  water;  if  however  1  kilo,  of  air  in  a  certain 
case  contains  only  half  as  much,  viz.,  0'0054:  kilo.,  that  is  the 
maximum  weight  contained  by  1  kilo,  of  saturated  air  at  5°  C. 
From  Table  I.  (pp.  11-12)  a  compilation  may  be  made 
showing  the  temperature  at  which  air  is  completely  saturated 
by  a  certain  weight  of  water,  and,  further,  the  higher  tempera- 
tures at  which  it  would  be  only  |,  ^  or  -J  saturated  by  the 
same  weight  of  water. 

TABLE  VII. 

Temperatures  at  which  the  Air  would  be  Completely  Saturated 
WITH  Water  if  it  is  only  J,  J  or  |  Saturated  by  the  Same 
Quantity  of  Water  at  Certain  Higher  Temperatures. 
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Hence,  when  the  air  to  be  used  for  drying  is  not  saturated 
at  its  present  temperature  with  water  vapour,  that  tempera- 
ture at  which  it  would  be  saturated  by  the  same  quantity 
of  water  per  kilo,  can  readily  be  found  by  means  of  the 
Tables  I.  (pp  11-12)  and  VII.  above. 

In  order  to  evaporate  a  definite  weight  of  water  there  are 
required  either  x  kilos,  of  atmospheric  air  at  the  temperature 
Ta,  which,  contain  y  kilos,  of  water,  by  which  the  air  is  not 
saturated,  or  the  same  weight  of  air,  x  kilos.,  at  the  lower 
temperature  ta,  which  also  contains  y  kilos,  of  water,  by 
which,  however,  the  air  is  completely  saturated.      The  second 
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quantity  of  air,  when  heated  to  the  temperature  T«,  is  precisely 
in  the  same  condition  as  the  former  quantity.  Thus,  in  the 
former  case,  less  heat  is  necessary  in  order  to  perform  the 
same  work,  and  the  diminution  in  the  heat  required  is  the 
quantity  necessary  to  heat  x  kilos,  of  air  from  ta  to  T^. 

We  shall  now  consider  in  what  manner  the  results  of  the 
equations  (7),  (9)  and  (13)  are  altered  when  the  external  air 
is  not  saturated.  In  equation  (9),  by  means  of  which  the 
exit  temperature  of  the  air  is  determined,  da,  the  weight  of 
vapour  in  1  kilo,  of  air  at  entry,  will  be  smaller,  and  in  fact 
only  I,  ^  or  \  as  great  as  at  complete  saturation.  We  may 
also  suppose  that  the  air  has  not  the  temperature  which  it 
really  has,  but  such  a  loioer  temperature  that  it  is  saturated 
by  the  same  quantity  of  vapour  da.  This  lower  temperature 
is  obtained  from  Table  VII.  (p.  39). 

Example. — If  tlie  air  is  at  25°  C.  it  can  contain,  as  a  maximum 
da  =  0*0202  kilo,  of  water  in  1  kilo,  when  the  barometer  is  at  760  mm. 
If  it  really  contains  only  O'OIOIO  kilo.,  it  is  only  half  saturated.  By 
this  quantity  of  water  {da  =  0-01010  kilo.)  air  at  15°  C.  would  be  com- 
pletely saturated. 

Since  the  initial  temperature  of  the  air  does  not  affect 
equation  (9),  we  obtain,  by  inserting  the  value  of  ^a  =  0-01010, 
both  the  temperature  of  the  emerging  air,  t",  and  also  its 
water-content,  dn,  quite  correctly,  whatever  may  be  the 
temperature  of  the  external  air.  Both  values  are  somewhat 
smaller  than  for  d,  =  0*0202. 

The  weight  of  ah,  I,  is  then  found  from  equation  (7)  by 
inserting  da  =  0- 01010,  and  the  value  for  ^„  found  from 
equation  (9).  The  weight  of  air  is  also  smaller  than  for 
da  =  0-0202. 

The  volume  Yia,  of  the  correct  weight  of  outside  air,  /, 
which  is  saturated  at  15°  C,  is  somewhat  smaller  than  it 
would  be  at  25°  C.  if  ^  saturated.  The  difference  is  not 
very  great,  and  need  hardly  be  considered,  since  in  a  drying 
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apparatus  the  air  should  be  pumped  as  it  leaves  the  apparatus 
and  not  as  it  enters. 

The  volumes  of  the  heated  air,  Yju,  and  of  the  emergent 
air,  Yjn,  are  estimated  from  their  weight  and  temperature. 
Both  factors  are  the  same  in  each  case,  whether  -^  saturated 
air  at  25°  C.  or  saturated  air  at  15°  C.  is  introduced,  and 
hence  the  volumes  are  the  same. 

The  quantity  of  heat,  C^,  required  to  warm  the  air,  is 
obtained  from  equation  (13),  in  which,  ta,  the  external  tem- 
perature occurs.  We  have  seen  that  the  results  given  by 
equations  (7)  and  (9)  (outlet  temperature,  weight  and  volumes) 
for  air  which  is  not  saturated  at  a  certain  temperature  are 
almost  exactly  the  same  as  the  results  to  be  found  in  Tables 
II.  (pp.  22-25),  IV.  (p.  35),  V.  (p.  36)  and  VI.  (p.  37)  for  com- 
pletely saturated  air  of  a  lower  temperature.  With  the  expendi- 
ture of  heat  it  is  different.  This  is  smaller  by  the  quantity  of 
heat  required  to  bring  the  air  from  its  temperature  of  saturation 
(in  the  example,  15°  C.)  to  its  real  temperature,  ^„,  at  which  it  is 
not  saturated  (in  the  example,  25°  C).     The  consumption  of 

t,  -  T, 
heat,  C^,  is  thus  only  of  the  quantity  required  by  the 

h     ~     ^a 

air  at  its  (lower)  temperature  of  saturation.  Thus  in  calcula- 
ting the  leading  dimensions  for  a  drying  apparatus,  the  as- 
sumptions made  in  Tables  II.,  IV.,  V.  and  VI.,  that  the  air  is 
completely  saturated  before  it  enters  the  heating  chamber,  will 
not  be  followed,  but  another  and  smaller  degree  of  saturation 
of  the  external  air  will  be  assumed.  For  this  purpose  less 
than  50  per  cent,  of  saturation  should  not  be  taken  ;  75  per 
cent,  is  better.  Tables  II.,  IV.,  V.  and  VI.  may  then  be  used, 
working  in  the  following  manner  : — 

From  Table  VII.  (p.  39)  that  temperature  is  found  at  which 
the  air  would  be  saturated  when  at  its  real  temperature,  if„,  it 
is  only  |,  \  or  \  saturated.     Then,  in  Tables  II.,  IV.,  V.  or  VI. 
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(according  as  it  is  assumed  that  the  emergent  air  is  com- 
pletely [II.],  I  [IV.],  i  [V.]  or  i  [VI.]  saturated),  by  means 
of  the  lower  temperature  of  saturation  obtained  from  Table 
VII.,  the  correct  temperature  of  exit  is  found  in  column  2, 
the  correct  weight  of  air,  I,  in  column  3,  the  volume  of 
external  air  (a  little  too  small)  in  column  5,  and  the  correct 
volumes  of  the  air  after  heating  and  on  leaving  the  apparatus, 
V,;,  and  V,„,  in  columns  6  and  7. 

Air,  which  at  a  certain  temperature  is  completely  saturated, 
is,  as  is  seen  from  Table  VII.  (p.  39)  for  the  temperatures  to  be 
considered  here,  j  saturated  by  the  same  quantity  of  water 
when  it  is  about  5°  hotter,  -^  saturated  when  about  10''  hotter, 
and  J  saturated  when  about  15°  hotter.  Thus  no  great  error 
will  be  made  if  the  decrease  in  the  consumption  of  heat  be 
taken  as  equal  to  the  heat  required  to  warm  the  air  through 
5°  C.  {i.e.,  Z  X  5  X  0-2375)  for  |  saturation,  through  10°  C. 
{i.e.,  Z  X  10  X  0*2375)  for  ^  saturation,  and  through  15°  C. 
{i.e.,  Z  X  15  X  0*2375)  for  ^  saturation.  The  results  are  not 
altered  by  more  than  0'5  to  5  per  cent,  by  reason  of  the 
unequal  water-content  of  the  air,  so  that  in  most  cases  a 
correction  on  this  account  may  be  neglected. 

Thus  if  it  is  to  be  assumed  that  the  external  air  before  it 
enters  the  heating  chamber  of  the  drying  apparatus  is  not 
completely  saturated  with  moisture,  as  is  assumed  in  the 
main  portion  of  Tables  II.,  IV.,  V.  and  VI.,  but  only  | 
saturated,  the  temperature  of  the  f  saturated  external  air 
will  be  found  in  column  9  of  Tables  IV.  V.  and  VI.,  and 
the  real  consumption  of  heat  in  column  10  of  the  same 
tables. 


Example. — 100  kilos,  of  water  are  to  be  evaporated  by  means  of  ex- 
ternal air  at  30°  C,  which  is  only  f  saturated,  under  the  assumption 
that  the  emergent  air  is  completely  saturated.  The  maximum  tem- 
perature, th  =  50°  C. 
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According  to  Table  VII.,  air  which  is  only  f  saturated  at  30°  C.  is 
completely  saturated  at  25°  C.  by  the  same  quantity  of  water. 

In  Table  II.  are  found,  under  the  maximum  temperature  tu  =  50°  0. 
with  ta  =  25°  C,  the  desired  figures  for  air  completely  saturated  at 
25°  C,  which  hold  good  unaltered  for  air  f  saturated  at  30°  C,  viz.,  the 
exit  temperature,  t,,  =  30°  C,  the  weight  of  air,  I  =  13,700  kilos.,  the 
weight  of  moisture,  Ida  =  276*74  kilos.,  the  volume  of  entering  air,  V?„ 
=  11,970  cubic  metres,  the  volume  of  heated  air,  Yjh  =  12,845  cubic 
metres,  and  the  volume  of  emerging  air,  V?,,  =  12,267  cubic  metres. 

The  consumption  of  heat  must  be  calculated.  It  is  equal  to  that 
given  in  the  table  =  80,625  calories,  less  I  (0-2375  +  da  0-475)  5  =  5 
(13,700  X  0-2375  +  276-7  x  0-475)  =  16,925  calories,  i.e.,  the  total  con- 
sumption of  heat  =  80,625  -  16,925  =  63,700  calories. 


CHAPTEE  IV. 

Drying  Apparatus  in  which,  in  the  Drying  Chamber, 
a  Pressure  higher  or  lower  than  that  of  the  Atmo- 
sphere is  artificially  maintained. — Tables  VIII.,  IX. 
and  X. 

The  question  which  has  now  to  be  considered  is  what  advan- 
tage there  is  in  artificially  diminishing  or  increasing  the  pres- 
sure in  the  drying-room.  From  what  has  preceded  it  is  clear 
that  when  the  pressure  in  the  drying-room  is  considerably 
higher  than  that  of  the  atmosphere,  1  cubic  metre  of  air  can- 
not contain  more  saturated  water  vapour  at  the  same  tempera- 
ture than  when  under  normal  pressure.  The  higher  pressure 
in  the  interior  is  not  due  to  a  higher  pressure  of  the  vapour, 
but  only  to  a  greater  pressure  of  the  air ;  the  same  volume 
of  air  at  the  same  temperature  is  only  able  to  contain  the 
same  weight  of  saturated  water  vapour  at  every  pressure, 
since  the  pressure  of  saturated  vapour  in  the  air  depends 
only  upon  the  temperature  and  not  upon  the  total  pressure. 

If  the  pressure  in  a  space  be  artificially  increased  by  the 
introduction  of  air,  without  change  of  temperature,  then  air 
and  vapour  gradually  mix  and  the  space  contains,  at  the 
final  pressure,  the  original  weight  of  vapour  together  with 
the  additional  air.  If  the  vapour  were  removed  from  the 
space,  the  pressure  would  sink  by  an  amount  equal  to  the 
pressure  of  the  vapour ;  but  if  it  were  desired  to  force  in 
vapour,  this  could  only  be  done  by  increasing  the  temperature, 
otherwise  the  additional  vapour  would  condense.     Thus,  when 

(44) 
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there  is  a  higher  pressure  in  the  drying-room,  a  greater  weight 
of  air  must  be  used  in  order  to  evaporate  a  given  weight  of 
water.  Since  this  greater  weight  of  air  must  be  previously 
heated,  it  follows  that  the  apparatus  consumes  more  heat 
than  when  working  under  normal  pressure. 

In  Table  I.,  columns  13,  14  and  15,  have  already  been 
given  the  necessary  data  for  the  calculation  of  the  dimensions 
of  such  an  apparatus  to  work  at  an  excess-pressure  of  ^  atmo- 
sphere (  =  1,140  mm.).  Column  13  gives  the  pressure  the  air 
would  have  alone,  without  the  vapour,  at  temperatures  from 
-  20°  to  +  100°  C.  and  at  a  total  pressure  of  1,140  mm. 
Column  14  gives  the  weight  of  1  cubic  metre  of  air  under 
the  same  conditions,  and  in  column  15  is  shown  the  weight 
of  saturated  vapour  in  1  kilo,  of  air.    ' 

Equations  (7)  and  (9)  may  be  used  in  the  calculation  of  the 
weight  of  air  and  temperature  of  exit  necessary  to  evaporate 
a  given  weight  of  water;  for  d^  the  values  given  in  Table  I., 
column  15,  must  be  used. 

The  necessary  weights  and  volumes  of  air  and  the  exit 
temperatures  have  been  calculated  by  means  of  these 
equations  and  arranged  in  Table  VIII.  (p.  50),  viz.,  for  the 
evaporation  of  100  kilos,  of  water  with  the  external 
temperature  -  20°,  0°  or  +  30°  C,  and  with  the  air  heated 
to  35°,  50°,  70°,  100°  and  130°  C. 

It  may  be  seen  clearly  from  Table  VIII.  (p.  50)  how  much 
more  air  and  heat  are  used  for  a  definite  drying  capacity  when 
a  higher  pressure  than  that  of  the  atmosphere  is  artificially 
maintained  in  the  interior  of  the  drying-room.  Thus  such 
an  arrangement  is  not  advantageous  in  practice. 

In  regard  to  Table  VIII.,  it  should  also  be  observed  that 
a  limit  is  placed  on  the  working  of  the  apparatus  by  certain 
external  temperatures  when  there  is  a  higher  pressure  in 
the  interior ;  for  if  the  atmospheric  air  is  hot  and  saturated 
with   moisture,  >the  condition   ruay  arise   in  which  the   air 
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compressed  into  the  interior  alone  effects  the  pressure, 
and  there  remains  no  place  for  the  vapour.  One  kilo,  of 
air  of  a  definite  volume  conveys  into  the  apparatus  a  certain 
volume  of  moisture.  In  the  apparatus  this  weight  of  air 
should  be  able  to  take  up  a  further  definite  volume  of 
moisture,  but  since  it  now  occupies  a  smaller  volume  than 
formerly,  it  may  happen  that  this  volume  is  less  than  is 
required  by  its  original  moisture.  This  is  seen  in  Table 
VI  LI.  at  the  maximum  temperature  of  35°  C.  :  external 
air  saturated  with  moisture  at  30°  C,  when  compressed  to 
1-^  atmospheres  (absolute)  pressure,  cannot  take  up  as  much 
vapour  as  it  can  evaporate  by  giving  out  heat.  This  limit 
is  almost  attained  by  external  air  at  25°  C.  saturated  with 
moisture. 


The  case  is  quite  different  when  a  diminished  pressure  is 
artificially  maintained  in  the  drying-room.  This  arrangement 
is  advantageous  in  practice.  There  is  said  to  be  diminished 
pressure  (a  partial  vacuum)  in  a  space  when  it  contains  a 
smaller  weight  of  air  than  at  the  atmospheric  pressure.  The 
weight  of  saturated  vapour,  which  this  space  can  contain  at  a 
certain  temperature,  is  independent  of  the  presence  or  absence 
of  air,  and  is  always  the  same  for  the  same  temperature. 
Thus,  under  diminished  pressure,  a  space  contains  more 
saturated  vapour  per  unit  weight  of  air  than  space  under 
ordinary  or  increased  pressure. 

It  follows  that  a  weight  of  air,  smaller  than  under  other 
conditions,  is  sufficient  under  diminished  pressure  to  take 
up  the  same  quantity  of  water,  but  that  this  smaller  weight 
of  air  must  give  up  the  same  quantity  of  heat  in  order  to 
evaporate  the  same  weight  of  water,  and  must  thus  leave 
the  drying-room  cooler,  and,  finally,  that  the  total  consump- 
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tion  of  heat  by  this  method  will  be  less  than  in  a  room  at 
the  ordinary  pressure. 

Table  I.  already  contains,  in  columns  16  to  21,  the  pre- 
liminary figures  for  the  calculation  of  the  cases  in  which 
there  is  a  vacuum  of  510  or  260  mm.  in  the  drying-room, 
i.e.,  when  there  is  an  absolute  pressure  of  250  or  500  mm. 
The  calculations  are  based  upon  the  equations  (7)  and  (9) ; 
the  value  for  dn  is  taken  from  column  18  or  21. 

Example. — One  hundred  kilos,  of  water  are  to  be  evaporated  with 
the  maximum  temperature  of  the  air  th  =  70°  C,  the  external  tempera- 
ture ta  =  0°  C,  and  with  the  absolute  pressure  g  =  500  mm.  in  the 
drying-room.  It  is  required  to  calculate  the  temperature  of  exit  tn, 
the  requisite  weight  of  air,  I,  its  volume  before  entry,  Yia,  after  heating, 
Yih,  at  exit,  Yin,  and  the  consumption  of  heat,  C^. 

In  equation  (9)  are  to  be  inserted — 

tj,  =  70,        da  =  0-00387  (Table  I.,  column  11),         iv  =  100, 

C„  =  62,500. 


Thus  the  right-hand  side  becomes- 

62,500 


100  (0-2375  +  0-00387  x  0-475) 


=  2616. 


The  left-hand  side  of  the  equation  gives,  after  making  trial  insertions  of 
various  values  from  Table  I.,  column  18,  iovd,t=  0-0230  (at  t,,  =  20°  G.)— 

70-20-1         ^2612. 


0-0230  -  0-00387 
Thus  the  temperature  of  the  exit,  tn  =  20°  C. 

The  weight  of  air  is  obtained  from  equation  (7)  — 

7  ^  100  K   ,-,oc   1    -1 

I  = -—  =  =  5,235  kilos. 

dn  -  da         0-0230  -  0-00387 

The  weight  of  the  original  moisture  (Ida)  in  this  air  is — 
Ida  =  5235  X  0-00387  =  20-2  kilos. 
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The  volume  of  the  outside  air,  V?a,  is — 

V;«  =    ^'^^^    =  4,075  cubic  metres. 
'''       1-2832 

The  volume  of  the  air  when  heated  to  70°  G.  is — 

V;;,  =  ^'^'^  +  70  ^29.27  X  5,239  +  46-83  x  20-2)  -  7,782  cubic  metres. 

10,336^ 
760 

The  volume  of  the  emergent  air  is — 

V/n  =  ^^  =  6,843  cubic  metres. 
^"       0-765 

Finally,  the  amount  of  heat  required  to  v?arm  the  air  is — 

C^  =  (5,235  X  0-2375  +  20-2  x  0-475)  (70  -  0)  =  87,640  calories. 

In  Tables  IX.  (p.  51)  and  X.  (p.  52)  are  given  the  weights 
and  volumes  of  air,  the  temperature  of  the  emergent  air,  and 
the  consumption  of  heat  necessary  to  evaporate  100  kilos,  of 
water,  when  the  external  temperature  is  -  20°,  0°  and  +  30° 
C,  and  the  temperature  of  the  hot  air  is  35°,  50°,  70°,  100° 
and  130°  C.  In  comparison  with  the  figures  of  Table  II.,  a 
diminution,  in  part  considerable,  is  observed  in  the  consump- 
tion of  heat  and  the  weight  of  air. 

It  will  also  be  remarked  that,  with  diminished  pressure  in 
the  interior  of  the  drying  apparatus  and  warm  outside  air, 
the  quantity  of  heat  required  to  evaporate  100  kilos,  of  water 
is  less  than  62,500  calories,  i.e.,  less  than  the  quantity  of 
heat  theoretically  necessary  to  evaporate  100  kilos,  of  water. 
An  absolute  pressure  of  500  mm.  (260  mm.  vacuum)  already 
effects  this  (Table  IX.)  when  the  maximum  temperature  is 
35°  C,  and  the  outside  temperature  30°  C  ;  but  the  effect  is 
more  striking  at  the  absolute  inner  pressure  of  250  mm. 
(500  mm.  vacuum),  as  seen  in  Table  X.,  at  which  in  all 
cases  a  high  external  temperature  gives  rise  to  considerable 
economy  in  heat. 
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The  reason  for  this  effect  is  easily  understood.  The 
atmospheric  air,  which  enters  the  apparatus  at  a  higher 
temperature  (30°  C.)  and  leaves  it  at  a  much  lower,  has  given 
up  a  portion  of  its  natural  heat,  which  thus  does  not  require 
to  be  artificially  added  to  it;  this,  then,  is  a  gain.  In  the 
cases  in  which  the  conditions  are  so  favourable  that  it  is 
only  necessary  to  heat  a  considerable  quantity  of  air  through 
a  very  small  range  of  temperature  in  order  to  bring  it  up  to 
its  permissible  maximum  temperature,  this  large  quantity  of 
air  leaves  the  apparatus  considerably  colder  than  it  entered, 
and  thus  the  whole  of  the  heat  given  up  by  the  air  in  cooling 
from  the  external  temperature  to  the  temperature  of  exit  is 
utilised  in  evaporation  without  expense. 

From  a  theoretical  standpoint,  apparatus  in  which  drying 
is  done  in  vacuo  is  thus  to  be  recommended  on  all  grounds, 
but  the  great  atmospheric  pressure  exerted  upon  the  walls 
of  the  drying-room  at  any  considerable  vacuum,  and  the 
porosity  of  the  materials  from  which  the  apparatus  is  to 
be  constructed,  offer  practical  difficulties. 

Since  Tables  IX.  and  X.  are  calculated  for  completely 
saturated  entering  and  for  completely  saturated  emergent 
air,  additions  must  be  made  for  less  favourable  conditions, 
the  magnitude  of  which  may  be  estimated  by  a  comparison 
of  the  figures  of  Tables  II.,  IV.,  V.  and  YI. 
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TABLES  VIII.,  IX.  AND  X. 
The  Weight  and  Volume  of  Air,   Temperature  of  Exit  and 

Expenditure  of  Heat  required  to  evaporate  100  kilos,  of 
water  when  the  external  temperature  is  -  20°,  0°  and  +  30°  C, 
the  maximum  temperature  is  35°,  50°,  70°,  100°  and  130°  C, 
and  both  external  and  emergent  air  are  completely  saturated 
with  water  vapour. 

VIII.  The  absolute  pressure  is  1,140  mm.  (IJ  atmos.). 
IX.     „         „  „  500     „ 

X.     ,,  ,,  ,,  250     ,, 

TABLE  VIII. 

External  and  emergent  air  completely  saturated.     Pressure  in  drying- 
room  q  =  1,140  mm.  (J  atmos.  over  normal). 


1 

2 

3 

4 

5 

6 

7 

8 

=3  J 

2 

^< 

a  § 
°c. 

>> 

Pi 

0) 

,^ 
o 

^^ 
Kilos. 

Kilos. 

Volume  of  the  Air. 

«f-i 

03    %T 

°c. 

At  Entry, 

yia. 

Cubic 
Metres, 

After 

Heating, 

Yjj,. 

Cubic 
Metres. 

At  Exit, 

v^«. 

Cubic 
Metres. 

o 
Calories. 

-  20 

0 

+  30 


-  20 
0 

+  30 


Maximum  Temperature,  th  =  35°  C. 


16-5 

14,300 

10-91 

10,280 

.  8,318 

7,665 

19-75 

17,240 

66-6 

12,464 

10,077 

9,860 

— 

— 

— 

— 

— 

— 

Maximum  Temperature,  th 

=  50°  C. 

-  20 

0 

+  30 

22-0 
25-0 
39-75 

9,430 
10,500 
25,000 

7-2 

40-6 

687-6 

6,782 
7,591 

22,385 

5,760 

6,443 

15,920 

5,341 

5,947 
14,750 

Maximum  Temperature,  th 

=  70°  C. 

-  20 

0 

+  30 

28-0 

30-75 

43-75 

6,235 
6,666 
9,260 

4-75 

25-8 
257-8 

4,480 
4,819 
8,292 

4,039 
4,339 
6,251 

3,554 
3,933 
5,538 

Maximum  Temperature,  4  =  100°  C. 
4,085  3-1  2,935 

4,180         16-2  3,022 

4,760       130-9  4,261 

Maximum  Temperature,  th  =  130°  C. 


-  20 

36-0 

4,085 

3-1 

2,935 

2,904 

2,395 

0 

37-5 

4,180 

16-2 

3,022 

2,986 

2,849 

+  30 

47-5 

4,760 

130-9 

4,261 

3,527 

2,856 

41-5 

2,930 

2-22 

2,014 

2,230 

42-5 

3,000 

11-61 

2,170 

2,294 

51-0 

3,205 

88-14 

2,870 

2,543 

1,758 
1,840 
1,955 


187,000 
144,410 


157,010 
125,650 
125,540 

131,470 

111,650 

92,960 

116,604 

100,100 

83,300 

104,750 
93,210 
80,200 


^^m 
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External  and  emergent  air  completely  saturated.     Pressure  in  drying- 
room,  q  =500  mm.  (  =:  260  mm.  vacuum). 


-  20 
0 

+  30 


-  20 

0 

+  30 


1 

2 

3     :     4 

5 

6 

7 

8 

-a   i 
.-^"^ 

-t-a  -1-3 

g    fl 

s  g 

a;  S 

°c. 

>1 

"o 
+3 

|Kilos. 

2    e 

?> 

-u  ^ 

•+-,  aj 
o^ 

r^      PI 

Kilos. 

Volume  of  the  Air. 

f-i  -^ 

S  +^ 

At  Entry, 

Cubic 
Metres. 

After 
Heating, 

Cubic 
Metres. 

At  Exit, 

Cubic 
Metres. 

PI     - 

Calories. 

Maximum  Temperature,  th  =  35°  G. 


-  20 

8-75 

10,000 

7-63 

7,184 

13,260 

12,662 

0 

11-25 

10,950 

42-4 

7,916 

14,588 

12,900 

+  30 

25-2 

25,000 

687-5 

22,385 

34,557 

34,065 

Maximum  Temperature,  U  =  50°  C. 


13-0 

7,143 

5-44 

5,135 

9,941 

15-5 

7,559 

35-2 

5,465 

10,585 

27-33 

11,000 

302-5 

9,850 

15,962 

130,790 
91,756 
31,385 


9,085  I  118,930 
10,400  90,500 
15,135        55,240 


Maximum  Temperature,  tk  =  70°  G. 


18-0 

5,000 

3-82 

3,597 

7,390 

6,698 

20-1 

5,235 

20-2 

4,075 

7,782 

6,843 

30-25 

6,250 

171-8 

5,596 

9,630 

6,825 

Maximum  Temperature,  tk  —  100°  C. 


-  20 

24-0 

3,440 

2-62 

2,473 

5,511 

4,665 

0 

25-5 

3,605 

13-6 

2,534 

5,643 

4,875 

+  30 

33-75 

3,816 

104-9 

3,417 

6,376 

5,264 

Maximum  Temperature,  U  =  130°  G. 


-  20 

0 

+  30 


29-25 
29-75 
36-75 


2,470 
2,602 
2,700 


1-89 
10-1 
74-25 


1,795 
1,884 
2,418 


4,288 
4,540 
4.888 


3,286 
3,575 
4,150 


107,010 
87,640 
62,800 


98,280 
83,800 
66,920 


88,200 
80,990 
74,360 
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External  and  emergent  air  completely  saturated.     Pressure  in  drying- 
room,  g;  =  250  mm.  (  =  510  mm.  vacuum). 


1 

2 

3 

4 

5 

6 

7 

8 

59    e 

Volume  of  the  Air. 

=*-'  ■*! 

ft 

05 

o 

^*-i 

0)    U 

TO  r^ 

(O  a 

At  Entry, 

Yla. 

After 

Heating, 

Yut. 

At  Exit, 

v?„. 

o 

1=1         „ 
O)  -4-^ 

°c. 

°c. 

Kilos. 

Kilos. 

Cubic 
Metres. 

Cubic 
Metres. 

Cubic 
Metres. 

Calories, 

-  20 

0 

-i-  30 


-  20 

0 

+  30 


Maximum  Temperature,  4  =  35°  G. 


1-5 

3-75 

15-75 


5-5 

7-25 

17-75 


7,874 

8,403 

12,820 

6-0 

32-5 

352-6 

5,660 

6,082 

11,480 

20,875 
22,414 
35,447 

20,152 
20,543 
33,272 

108,515 
70,350 
25,920 

Maximn 

im  Temp( 

jrature,  h 

=  50°  C. 

5,900 
6,060 
8,130 

4-5 

23-5 

223-57 

4,239 

4,383 
7,280 

16,403 
16,826 
23,512 

14,514 
15,310 
21,010 

98,280 
72,500 
40,820 

Maximum  Temperature,  th  =  70°  C. 


-  20 
0 

+  30 

9-5 
11-0 
20-25 

4,340 
4,464 
5,000 

3-31 
17-2 

127-5 

3,120 
3,230 

4,478 

12,817 
13,241 

15,284 

11,480 
11,500 
12,642 

92,880 
74,760 
50,000 

Maximum  Temperature,  4 

-  100°  C 

-  20 

0 

+  30 

14-6 
16-0 
23-0 

3,033 
3,102 
3,280 

2-31         2,167 
12-0          2,243 
90-2          2,937 

9,716 
10,008 
10,905 

8,056 
8,116 
9,144 

86,640 
74,200 
57,470 

Maximum  Temperature,  U 

=  130°  0 

-  20 
0 

+  30 

18-75 
19-75 

25-75 

2,381 
2,385 
2,400 

1-8 

9-2 

66-0 

1,711 
1,724 
2,149 

8,260 
8,299 
8,582 

6,362 
6,240 
6,917 

75,050 
74,100 
60,000 

CHAPTEK  V. 

Drying  by  means  of  superheated  Steam,  without  Air. — 

Table  XL 


It  is  possible  to  go  a  step  further  and  eliniinate  air  frora 
the  drying-room  altogether,  so  that  the  drying  then  takes 
place  by  means  of  vapour  (steam)  alone.  Let  us  consider 
the  air  drawn  from  the  drying-room,  T,  as  shown  diagram- 
matically  in  Fig.    2,  by  a    fan,    F,    or  other  apparatus  for 


Fig.  2. 

moving  gases,  and  again  forced  over  the  heating  surfaces, 
H,  at  the  entry  to  the  drying-room.  Thus  the  mixture  of 
air  and  vapour  goes  through  a  complete  cycle  of  operations, 
which  carry  it  from  the  fan  to  the  heater,  from  the  latter 
into  the  drying  chamber,  thence  to  the  fan  and  so  on.  The 
whole  apparatus  is  to  be  supposed  tightly  closed,  and  as 
far  as  possible  protected  against  loss  of  heat. 

(58) 
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Between  the  exit  from  the  drying  chamber  and  the  entrance 
into  the  fan  is  a  valve,  V,  opening  outwards,  which  allows 
air  and  vapour  to  pass  into  the  atmosphere  as  soon  as  the 
pressure  in  the  interior  exceeds  a  predetermined  limit.  If 
the  apparatus  be  closed  and  the  fan  set  in  motion,  the 
mixture  of  air  and  vapour  goes  through  the  cycle  of  move- 
ments indicated  above,  and  thus  becomes  hotter  and  hotter ; 
consequently  it  takes  up  more  and  more  moisture,  and  thus 
the  internal  pressure  increases  continuously  until  it  is  suffi- 
cient to  open  the  valve  and  so  permit  air  and  vapour  to 
escape. 

If  the  air  and  vapour  be  continuously  circulated,  air  and 
vapour  escape  continuously  through  the  valve,  until  finally 
there  is  no  longer  any  air  in  the  apparatus;  then  steam 
alone  is  contained  in  the  interior  and  escapes  regularly 
through  the  valve  into  the  atmosphere.  Thus  the  drying 
apparatus  is  now  working  without  air  and  by  means  of 
steam  (vapour)  alone. 

The  steam,  compressed  by  the  fan,  is  superheated  by  the 
heating  surfaces,  enters  the  drying-room,  and  there  becomes 
saturated  by  water  taken  from  the  wet  material.  Its  pressure 
rises,  and  a  portion,  viz.,  that  which  corresponds  to  the  water 
absorbed  from  the  wet  material,  escapes  through  the  valve. 

If  the  dried  material  be  continually  removed  and  fresh 
wet  material  introduced,  the  apparatus  works  continuously, 
and  contains  only  as  much  air  as  is  unavoidably  introduced 
together  with  the  fresh  material. 

The  consumption  of  heat  in  such  an  apparatus,  apart  from 
losses  due  to  leakage  and  radiation,  is  theoretically  exactly 
equal  to  the  heat  required  to  heat  the  material  to  the  pre- 
vailing temperature  phcs  that  necessary  to  evaporate  the 
water,  and  thus  is  the  least  possible.  This  method  of 
construction  is,  therefore,  economically  the  best,  leaving  out 
of  consideration  the  rare  cases  mentioned  on  p.  48. 
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It  would  be  most  simple  and  natural  to  load  the  valve 
only  to  such  an  extent  that  the  pressure  in  the  interior  was 
but  little  higher  than  the  atmospheric  pressure,  so  that  the 
temperature  at  which  the  water  evaporated  was  very  little 
above  100°  C.  However,  it  might  be  desirable  for  some 
reason  or  another  to  change  this  pressure  so  that  it  should 
be  higher  or  lower  than  that  of  the  atmosphere. 

A  higher  pressure  is  obtained  by  a  greater  load  on  the 
valve,  so  that  it  resembles  a  safety  valve  which  opens  at  a 
pre-determined  pressure.  In  regard  to  practical  applications, 
regard  must  be  given  to  the  pressure  upon  the  internal  wall 
of  the  apparatus  and  to  the  high  temperature  to  which  the 
material  is  exposed. 

If  the  temperature  in  this  air-free  process  is  to  be  main- 
tained below  100°  C,  the  construction  is  made  more  difficult, 
since  the  pressure  in  the  drying-room  must  then  be  lower 
in  proportion  to  the  temperature.  This  lower  pressure 
necessitates  special  arrangements.  In  the  first  place,  air  and 
vapour  will  not  pass  spontaneously  from  the  drying-room 
into  the  atmosphere ;  they  must  be  extracted  by  means  of 
an  air-pump,  and  extracted  continuously,  since  in  practice 
air  will  always  be  found  to  leak  in.  Since,  however,  all 
machines  for  the  production  of  high  vacua  do  not  satisfactorily 
withdraw  the  vapour  at  the  same  time,  on  account  of  its  great 
volume,  it  is  necessary  to  condense  the  vapour  either  by  a 
direct  spray  of  water  or  by  means  of  a  surface  condenser. 
Thus  the  operation  of  drying  is  made  more  expensive. 

If,  however,  all  these  arrangements  are  provided,  the  water 
in  the  drying-room  may  be  evaporated  by  means  of  superheated 
steam  at  any  low  pressure.  It  would  indeed  be  somewhat 
difficult  to  move  the  attenuated  vapours  in  their  circuit  by 
means  of  the  fan,  on  account  of  their  great  volume,  but  the 
possibility  of  this  method  of  working  is  certain. 

It  is  well  known  that  the  presence  of  air  in  steam  hinders 


56  DEYING    BY    MEANS    OF    AIR    AND    STEAM. 

considerably  the  transference  of  its  heat,  either  for  purposes 
of  heating  or  in  cooling  and  condensation.  In  practice  steam 
used  for  boiling  or  heating,  or  which  is  to  be  condensed,  is 
kept  as  free  as  possible  from  air,  for  only  in  this  condition 
is  obtained  the  greatest  transference  of  heat  by  1  square 
metre  of  contact  surface.  This  is  a  further  reason  for  preferring 
drying  apparatus  from  which  air  is  removed  to  the  greatest 
possible  extent,  since  the  heating  surface  for  heating  the 
vapour  and  the  cooling  surfaces,  by  which  it  is  finally  con- 
densed, then  have  the  least  area. 

In  order  to  obtain  an  idea  of  the  weight  and  volume  of 
steam  required  to  evaporate  lo  =  100  kilos,  of  water  at 
various  drying-room  pressures,  some  important  cases  will 
at  once  be  calculated.  As  we  have  already  seen,  apart  from 
loss,  the  expenditure  of  heat  is  equal  to  the  theoretically 
necessary  amount,  i.e.,  if  the  material  to  be  dried  enters 
the  apparatus  at  15°  C. — 

C^  =  (640  -  15)  10  =  62,500  calories   ....  (14). 

The  weight  of  superheated  steam,  D,  required  to  evaporate 
10  kilos,  of  water,  is  obtained  from  a  consideration  of  the  fact 
that  the  heat  required  to  evaporate  2U  kilos,  of  water  must 
be  equal  to  the  heat  the  steam  can  give  out  in  cooling  from 
the  temperature  at  which  it  is  superheated  down  to  the 
temperature  prevailing  in  the  apparatus.     Thus  we  obtain — 

C^  =  IV  (640  -  15)  -  D  s  (^7,  -  tn) ....     (15). 

in  which 

D  =  the  weight  of  superheated  steam  in  kilos. 
s    —    the  specific  heat  of  steam  at  constant  pressure  =  0*475. 
tji  —  the  maximum  temperature. 
tn  —  the  temperature  prevailing  in  the  drying-room. 
Example. —  iv  —  100  kilos,  of  water  are  to  be  evaporated ,  the  maximum 
temperature  t^  —  110°,  the  temperature  of  evaporation  in  the  apparatus 

tn   =   100°. 
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By  equation  (15) — 

D  X  0-475  (110  -  100)  =  100  (640  -  15)  =  62,500  calories, 
or 

D  =  13,157  kilos. 

The  weight  of  steam,  D,  must  be  led  over  the  material 
to  be  dried  in  order  to  effect  the  desired  evaporation. 
The  volumes  V^,,,  and  V.^;,  of  this  steam,  before  and  after 
heating,  are  obtained  by  means  of  the  general  equation 
(12)- 

^        =  E.  or  V  =  ?Li?ZL+A)' 

273  +  ^  '  13 

in  which  t  =  the  temperature,  E  =  the  constant  =  46*83  for 

superheated  steam  (according  to  G.  Schmidt),  V  =  the  volume 

of  1  kilo,  of  steam,  jj  —  pressure  of  the   steam   expressed    in 

kilos,  per  square  metre.    At  atmospheric  pressure _p  =  10,336  ; 

at  any  other  pressure  q  expressed  in  millimetres  of  mercury 

(equation  4)  — 

10,336  g. 
^^  ~      760 

The  volume  of  the  heated  steam  is — 

^  D  46-83  (273  +  4)  ..«. 

^''"^  10336^ ^^^)- 

760 

The  volume  of  the  steam  before  superheating  is — 

^     _  D  46-83  (273  +  t,,)  .^„. 

'''  10,336  g   ^^^^• 

760 

Example. — For  the  case  last  mentioned  _2J  =  10,336,  h  =  110,  ^h=100, 
therefore — 

V,,  =  ^^^'^^filc,'^  ^^^^  =  1-735  X  13,157  =  22,827  cubic  metres. 

iU,ddO 

Yan=  ^^^'^\flL'^  ^^^^  =  1-689  X  13,157  =  22,422  cubic  metres. 

10,OOQ 
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TABLE 
The  Weights  of  Steam  and  their  Volumes,  before  and  after  Heating, 

Apparatus,  without  Air,  at  absolute  pressures  of  148  to 


Temperature  of  Interior,                        tn  = 
Absolute  Pressure,  mm. 
Vacuum,  mm. 

60° 
148 
612 

75° 
288 
472 

90° 
525 
235 

{  Weight  of  steam                            D    = 

^7i  =  65°  C.  1  Volume         ,,        before  heating  Vrf„  = 

I       ,,               „         after        ,,        Ydh^ 

26,315 
201,528 
206,843 

— 

— 

r  Weight  of  steam                             D    = 

th  =  70°  C.-j  Volume         ,,         before  heating  V^^j^ 

I      ,,               „         after         „        ^dh^ 

13,158 
101,245 
105,001 

— 

— 

r  Weight  of  steam                             D    = 

4  =  75°  C.J  Volume         ,,         before  heating  Vf;„=: 

I      „               „         after         ,,         Yah= 

8,778 
67,630 
70,997 

— 

— 

r  Weight  of  steam                             D    = 

tji  =  80°  C. -^  Volume        „        before  heating  V,;^^ 

I       „               „         after        „        Vrf,,= 

6,579 
52,954 
54,027 

26,316 
111,054 
107,790 

— 

r  Weight  of  steam                             D    = 

tji  =  85°  CJ  Volume         „        before  heating  Ydn^ 

I      „               „        after        „         Ydh-= 

5,263 
40,714 
43,836 

13,158 
56,316 
54,005 

— 

( Weight  of  steam                             D    = 

4  =  90°  C.-|  Volume         ,,         before  heating  Vd„=^ 

I         „             „         after        „        Ydh^ 

4,386 
34,224 
37,017 

8,778 
38,097 
36,363 

— 

( Weight  of  steam                             D    = 

4  =  95°  C.  i  Volume         „        before  heating  V^,,  = 

I      ,,               „        after        „         V,?7.= 

3,760 

29,448 
32,816 

6,579 
28,948 
27,357 

26,316 
63,527 
61,474 
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XI. 

required  to  Evaporate  100  kilos  of  Water  in  the  Circuit  Drying 

2,660  mm.  and  with  maximum  temperatures  of  65°  to  200°  C. 


Absolute  Pressure 

tn  = 

J  mm. 

(^  Atmospheres 

100° 

760 

1 

110° 

1,064 

1-4 

120° 

1,520 

2-0 

130° 
2,090 

2-75 

140° 

2,660 

3-5 

tu  =  110°  C. 

.       .      \  -Van  - 

18,157 
22,422 

22,827 

— 

— 

— 

— 

h  =  1^0°  C. 

6,579 
10,876 
11,447 

18,157 
15,933 
17,696 

— 

— 

— 

tk  =  130°  C. 

p      = 

4,386 
7,237 
7,807 

6,579 
7,967 
9,079 

13,157 
10,315 
11,605 

— 

— 

h  =  140°  C. 

3,473 
5,730 
6,321 

4,386 
5,311 
6,197 

6,579 
5,658 
5,947 

13,157 
8,394 
8,605 

— 

4  =  150°  C. 

p  = 

2,632 
4,343 
4,922 

3,473 
4,206 
6,174 

4,386 
3,772 
4,057 

6,579 
4,197 
4,408 

13,167 

6,684 
6,842 

th  =  160°  C. 

P         = 

2,193 
3,618 
4,145 

2,632 
3,187 
3,901 

3,473 
2,987 
3,269 

4,386 
2,798 
3,004 

6,579 
3,342 
3,500 

h  =  180°  C. 

p      = 

lY,k  = 

1,644 
2,613 

8,288 

1,879 

2,275 
2,912 

2,193 
1,886 
2,173 

2,632 
1,679 

1,887 

3,473 
1,764 
1,989 

h  =  200°  C. 

p  = 

1,299 
2,143 
2,715 

1,531 
1,854 
2,480 

1,644 
1,414 
1,702 

1,879 
1,199 
1,405 

2,198 
1,114 
1,303 
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In  Table  XI.  are  given  the  weights  of  steam,  D,  and  their 
volumes,  V^;,  and  V,^„,  required  to  evaporate  100  kilos,  of 
water,  working  at  atmospheric  pressure,  at  pressures  less 
than  atmospheric  (148,  288  and  525  mm.),  and  at  pressures 
greater  than  atmospheric  (1'4,  2,  2'75  and  3*5  atmospheres 
absolute).  From  Table  XI.  it  will  be  seen  that  the  volumes 
of  vapour  to  be  moved  at  very  low  pressures  are  very  great, 
which  is  in  no  way  the  case  at  atmospheric  or  higher 
pressures,  so  that  the  volume  to  be  moved  is  not  then  a 
hindrance  in  this  method  of  drying. 


CHAPTEE  VI. 

Heating  Surface,  Velocity  of  the  Air  Current,  Dimen- 
sions of  the  Drying-room,  Surface  of  the  Drying 
Material,  Losses  of  Heat.— Tables  XH.  and  XHI. 

In  this  chapter  will  be  considered  some  not  unimportant 
details  of  the  drying  apparatus.  The  area  of  the  heating 
surface,  H,  in  square  metres,  is  conditioned  by  the  mean 
difference  in  temperature,  t,n,  between  the  air  and  the  hot 
surface  and  the  co-efficient  of  transmission,  h.  The  latter 
depends  upon  the  velocity,  c  metres  per  second,  with  which 
the  air  passes  over  the  hot  surface.  It  is  expressed  by  an 
equation  deduced  by  Molier  from  the  experiments  of  others — 

A:  =  2  +  10  V^ (18). 

The  area  of  the  heating  surface  for  the  transference  of  C^ 
calories  of  heat  per  hour  is — 

H  =  ^ =, (19). 

^,,,(2  +  10  Vc) 

The  greater  the  velocity  of  the  air  current  over  the  heating 
surface,  the  more  heat  it  takes  up.  Accordingly,  it  would 
be  advantageous  to  make  the  air  move  very  rapidly,  but,  as 
we  shall  see,  the  velocity  ought  not  to  be  too  high. 

The  temperature  difference  between  the  air  and  the  heating 
surface  depends  upon  the  mean  temperatures  of  the  surface 
and  of  the  air.  The  cooler  is  the  air  originally,  the  greater 
is  the  mean  difference  in  temperature  and  the  higher  is  the 
efficiency  of  the  heating  surface.  Since  the  drying  apparatus 
frequently  requires  the  greatest  quantities  of  heat  when  the 

(61) 


62  DEYING    BY    MEANS    OF    AIR    AND    STEAM. 

external  air  is  cold,  the  last -mentioned  circumstance  is  in 
many  cases  a  fortunate  coincidence. 

In  Table  XII.  are  given  the  differences  in  temperature 
between  the  heating  surface  and  the  air.  Since  the  atmo- 
sphere has  very  different  temperatures  at  different  seasons, 
the  difference  in  temperature  between  the  heating  surface 
of  the  same  apparatus  and  the  air  also  varies  greatly, 
although  the  former  is  always  maintained  at  the  same  tem- 
perature. Thus  in  column  4  are  given  the  mean  differences 
when  the  external  temperatures  are  -  20^,  0°,  15°  and  30°  C, 
the  constant  temperature  of  the  heating  surface  is  100°, 
120°  and  140°  C.  in  each  case,  and  the  highest  temperature 
the  air  may  attain  is  35°,  50°,  70°,  100°  or  130°  C. 

Also  in  the  same  table,  in  columns  5,  6,  7  and  8,  are  given 
the  quantities  of  heat,  calculated  by  means  of  equation  (19), 
which  can  be  communicated  by  1  square  metre  of  a  smooth 
iron  heating  surface  in  one  hour,  when  the  air  moves  over  it 
with  velocities  of  1,  2,  4  or  6  metres  per  second.  By  means 
of  this  table  may  be  found  the  heating  surface  necessary 
in  each  case  by  dividing  the  proper  figure  in  Table  XII., 
column  5,  6,  7  or  8,  into  the  figure  which  gives  the  number 
of  calories  to  be  used  in  one  hour.  If  ribbed  heating  bodies 
be  used  instead  of  smooth  iron  pipes,  Table  XII.  may  still 
be  used,  but,  before  dividing,  the  figures  in  columns  5,  6, 
7  and  8  must  be  multiplied  by  0*7. 

The  air  should  not  pass  too  rapidly  through  the  drying -roo7}i. 

The  resistance  of  the  air,  due  to  friction  in  passing  through 
pipes  and  flues,  increases  with  its  velocity,  therefore  a  rapid 
current  of  air  necessitates  more  power  for,  and  gives  rise  to 
a  smaller  output  of,  the  fan. 

Flues  conveying  air  to  and  from  the  heating  chamber  may 
generally  be  omitted.  In  case  they  have  to  be  inserted  the 
velocity  of  the  air  in  them  should  not  exceed  3  metres  per 
second,  and  if  possible  should  be  less. 
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TABLE  XII. 

The  Quantities  of  Heat  given  up  by  1  square  metre  of  the  source 

of  Heat  in  one  hour  when  the  external  air  is  at  -  20°  to  +  30°  C, 
the  source  of  heat  is  at  100°  to  140°  C,  the  heated  air  is  at  35°  to 
130°  C,  and  the  air  current  passes  over  the  heating  surface  with  a 
velocity  of  1  to  6  metres  per  second. 


1 

2 

3 

4 

5 

6 

7 

8 

<p 

<s>     . 

03 

^ 

+3  ^ 

+3      4 

"^    s, 

o^ 

11 

o     . 

Amount  of  Heat,  in  Calories,  giver 

out  by 

0)    <1> 

0)    f-j 

Is 

1  Sq.  Metre  of  the  Heating  Surface  in 

^1 

1  Hour  when  the  Air 

passes  over  i 

t  with 

03  ~ 

TO     O 

a>  CD 

2  S 

a  Velocity  of 

P^« 

p^p 

i=^S 

0    ft 

H    c3 

3    ^ 
<D    O 

°C. 

CD    X 

°c. 

°c. 

°a 

1   Metre 

2  Metres 

4  Metres 

6  Metres 

Per  Sec. 

Per  Sec. 

Per  Sec. 

Per  Sec. 

35 

100 

-  20 

92 

1,104 

1,372 

2,024 

2,437 

>> 

5) 

0 

82 

984 

1,312 

1,804 

2,238 

j> 

5> 

+  15 

75 

900 

1,200 

1,650 

2,017 

>) 

JJ 

+  30 

67 

804 

1,072 

1,474 

1,774 

50 

5> 

-  20 

85 

1,020 

1,370 

1,870 

2,311 

5> 

)) 

0 

75 

900 

1,200 

1,650 

2,017 

J» 

)J 

+  15 

67 

804 

1,072 

1,474 

1,774 

5J 

M 

+  30 

60 

720 

960 

1,320 

1,589 

70 

Jt 

-  20 

75 

900 

1,200 

1,650 

2,017 

»j 

5» 

0 

65 

780 

1,040 

1,430 

1,602 

>j 

>> 

+  15 

55 

660 

886 

1,210 

1,456 

)  J 

'> 

+  30 

50 

600 

800 

1,100 

1,325 

35 

120 

-  20 

112 

1,344 

1,792 

2,464 

2,966 

5) 

>) 

0 

J02 

1,224 

1,632 

2,244 

2,701 

J» 

J) 

+  15 

95 

1,140 

1,520 

2,090 

2,516 

)> 

>) 

+  30 

87 

1,044 

1,392 

1,914 

2,304 

50 

55 

~  20 

105 

1,260 

1,680 

2,310 

2,781 

j» 

M 

0 

95 

1,140 

1,520 

2,090 

2,516 

)j 

)> 

+  15 

87 

1,044 

1,392 

1,914 

2,304 

M 

)» 

+  30 

80 

960 

1,280 

1,760 

2,179 

.  70 

>1 

-  20 

95 

1,140 

1,520 

2,090 

2,516 

j> 

J>  . 

0 

85 

1,020 

1,370 

1,870 

2,311 

5> 

)1 

+  15 

77 

924 

1,232 

1,694 

2,149 

J5 

J> 

+  30 

70 

840 

1,120 

1,540 

1,954 

100 

JJ 

-  20 

80 

960 

1,280 

1,760 

2,123 

J> 

»» 

0 

70 

840 

1,120 

1,540 

1,854 

»> 

J> 

+  15 

62 

744 

992 

1,364 

1,642 

5> 

5) 

+  30 

55 

660 

880 

1,210 

1,456 

[Continued  on  p.  64. 
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TABLE  XII.  (Continued). 


1 

2 

3 

4 

5 

6 

7 

8 

o 

«   . 

s> 

+2  ^ 

r£5 

.S 

■+0 

O      ^ 

o  ^ 

Amount,  of  Heat,  in  Calories,  given 

out  by 

UK 

is 

1  Sq.  Metre  of  the  Heating  Surface  in 

03    ^ 

1  Hour  when  the  Air  passes  over  i 

t  with 

«^ 

CD    (D 

e  c3 

a  Velocity  of 

PuS 

PhO 

^Sl 

n    f^ 

a| 

s  g 

§  a 

«  o 

03    X 

°c. 

1   Metre 

2  Metres 

4  Metres 

6  Metres 

Per  Sec. 

Per  Sec. 

Per  Sec. 

Per  Sec. 

35 

140 

-  20 

132 

1,584 

2,102 

2,904 

3,497 

>5 

0 

122 

1,464 

1,952 

2,684 

3,231 

5J 

+  15 

115 

1,380 

1,834 

2,530 

3,046 

?J 

+  30 

107 

1,284 

1,712 

2,354 

2,834 

50 

-  20 

125 

1,500 

2,000 

2,750 

3,310 

» J 

0 

115 

1,380 

1,840 

2,530 

3,046 

5> 

+  15 

108 

1,296 

1,728 

2,376 

2,866 

?> 

+  30 

100 

1,200 

1,600 

2,200 

2,649 

70 

-  20 

115 

1,380 

1,840 

2,530 

3,046 

>> 

0 

105 

1,260 

1,680 

2,310 

2,781 

»> 

+  15 

97 

1,164 

1,552 

2,134 

2,569 

j» 

+  30 

90 

1,080 

1,440 

1,980 

2,384 

100 

-  20 

100 

1,200 

1,600 

2,200 

2,649 

>) 

0 

90 

1,080 

1,440 

1,980 

2,384 

J> 

+  15 

82 

984 

1,312 

1,804 

2,238 

5> 

+  30 

75 

900 

1,200 

1,650 

2,017 

130 

-  20 

54 

648 

871 

1,188 

1,323 

)) 

0 

49 

588 

790 

1,078 

1,200 

>» 

+  15 

46 

552 

742 

1,012 

1,127 

>> 

+  30 

42 

504 

677 

922 

1,029 

The  area  of  the  transverse  section  of  the  heating  chamber  is 
diminished  by  the  heating  bodies,  thus  the  air  passes  over 
the  latter  with  a  somewhat  greater  velocity,  which  should  not 
be  allowed  to  exceed  6  metres  per  second  even  in  this  place. 

In  the  drying- room  itself  a  slow  motion  of  the  air  is 
necessitated,  since  it  does  not  immediately  become  saturated 
with  moisture.  A  certain  interval,  not  too  brief,  is  required, 
so  that  the  water  vapour  may  diffuse  with  the  air. 
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It  is  advisable  to  conduct  the  air  through  the  drying-room 
in  such  a  manner  that  it  passes  over  the  material  divided 
into  currents  which  are  frequently  changed.  The  material 
should  also  be  spread  out  so  that  it  is  uniformly  surrounded 
on  all  sides  by  the  air  which  warms  and  dries  it.  The 
greatest  velocity  of  the  air  in  the  drying-room  should  be  6 
metres  per  second,  and,  if  possible,  less. 

The  arrangements,  upon  which  the  material  in  the  drying- 
room  is  carried,  spread  out  or  hung,  must  be  so  large  or  so 
numerous  that  they  can  take  as  much  material  as  corresponds, 
with  the  product  of  the  time  required  to  dry  a  single  article, 
or  portion  multiplied  by  the  contemplated  drying  output. 
Thus,  if  a  single  article  or  portion  requires  two  days  to  dry 
sufficiently,  and  if  1,000  articles  or  kilos,  are  to  be  dried 
in  one  day,  the  drying-room  must  have  space  for  at  least 
1,000  X   2  =  2,000  articles  or  kilos. 

The  time,  which  one  article  or  portion  of  the  material 
requires  to  dry  sufficiently,  cannot,  generally  speaking,  be 
estimated  beforehand,  since  it  depends  to  a  considerable  ex- 
tent upon  the  nature  of  the  particular  material.  The  initial 
and  final  proportions  of  moisture,  the  thickness,  shape  and  the 
greater  or  less  capacity  for  transferring  the  internal  moisture 
rapidly  to  the  surface,  influence  the  time  required  for  drying. 

When  a  moist  substance  is  surrounded  by  warm  air  not 
saturated  by  moisture,  in  motion  or  at  rest,  the  position  is 
almost  exactly  the  same  in  regard  to  the  expected  evaporation 
of  water  as  if  it  were  in  a  partial  vacuum,  i.e.,  under  diminished 
pressure.  In  warm  air,  not  saturated  by  vapour,  the  vapour 
is  indeed  at  the  same  temperature  as  the  air,  but  has  not 
the  pressure  proper  to  it  at  that  temperature.  It  is  cap- 
able and  desirous  of  taking  up  the  offered  moisture  until 
it  is  saturated,  i.e.,  until  its  pressure  corresponds  to  the  tem- 
perature. This  absorption  of  moisture  does  not  however  take 
place  immediately,  but  requires  a  certain  length  of  time,  and 

5 


66  DEYING    BY    MEANS    OF    AIE    AND    STEAM. 

this  all  the  more  since  the  fresh  vapour  to  be  taken  up 
must  displace  the  air  in  the  place  of  which  it  steps. 

The  heat,  which  must  be  supplied  to  the  drying  material 
for  the  evaporation  of  its  moisture,  can  only  enter  through 
the  surface,  and,  other  conditions  being  the  same,  the 
quantity  of  heat  which  enters  will  be  proportional  to  the 
surface.  Thus  the  material  to  be  dried  should  expose  the 
greatest  possible  surface  to  the  air  current. 

The  quantity  of  heat  transferred  to  the  material  is  however 
also  proportional  to  the  mean  difference  in  temperature 
between  air  and  drying  material.  The  place,  at  which  the 
material  at  temperature  t„  enters,  is  also  the  place  at  which 
the  air  at  temperature  ^„  leaves.  Thus  the  difference  in 
temperature  at  this  point  is  t^  -  tu.  At  the  exit  of  the  dried 
material  the  hot  air  enters  at  the  temperature  th.  The  dried 
material  leaves  several  degrees  cooler  than  the  hot  air  enters ; 
the  exact  difference  depends  on  the  particular  circumstances. 
We  will  call  the  temperature  of  the  dried  material  t  ;  the 
difference  in  temperature  is  therefore  th  -  tz.  If  we  assume 
that  the  temperature  difference  th  -  tz  is  at  least  half  as 
great  as  tn  =  tu,  then  the  mean  difference  in  temperature — 

,  _{h    -   t^)    +    {tn     -    Q 

tm    -  2 

For  the  case  in  which  ^;,  -   t,  is  less  than    "  ~    "the  mean 

A 

difference  in  temperature  is  less  than  the  arithmetic  mean."^ 

Example. — If  the  highest  temperature  to  which  the  air  may  be 
heated  is  h  =  100°,  the  outlet  temperature  of  the  air  tn  =  36°,  the 
temperature  at  which  the  material  enters  tu  =  15°,  at  which  it  leaves 
4  =  30°,  the  mean  difference  in  temperature  is  not — 

(100  -  30)  +  (36  -  15)  _  70  -  21  _  ^^.^o 
2  2 

*  See  Hausbrand's,  Evapcn-ating,  Condensing  and  Cooling  Apparatus, 
published  by  Messrs.  Scott,  Greenwood  &  Son  (London). 
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but  is,  according  to  the  source  quoted  in  the  footnote  (Table  I.),  since 

1=  0-3- 
70 

t,u  =  0-583  X  70  =  40-81°. 
Finally,  as  we  know,  the  velocity  c,  with  which  the  air 
passes  over  the  drying  material,  exerts  an  influence  upon  the 
quantity    of    heat    transferred.      The    co-efficient    of    trans- 
mission— 

Ti;  =  2  +  10  JV. 

Thus  the  quantity  of  heat  to  be  transferred  in  one  hour  to 
the  drying  material  is — 

C»  =  O  .  t,n  .  fe=0  .  t,n  (2  +  10  ^/cf, 

where  0  represents  the  surface  area  of  the  drying  material, 
in  square  metres,  across  which  C,,  calories  are  to  be  conveyed^ 
Thus— 

0  - = (20). 

t,n  (2  +  10  .yc). 

From  this  equation  we  can  now  calculate  the  surface  which 
must  be  exposed  to  the  air  current  in  order  to  evaporate 
a  certain  quantity  of  moisture  in  one  hour. 

Example. — 100  kilos,  of  water  are  to  be  evaporated  in  one  hour. 
The  air  passes  over  the  material  with  a  velocity  of  c  =  4  metres  per 
second,  its  temperature  is  at  first  ^=50°,  finally  t,i  =  25°  C.  The 
material  is  at  first  at  t^  =  15°,  finally  at  tz  =  30°  G.    Then — 

,    _    ih  -  h)  +  {tn  -  tu)  ^  (50  -  30)  +  (25  -  15)  ^  -^go 
2  2 

Thus  the  surface  of  the  drying  material  must  be — 

0  =  '- =  —  190  square  metres  (approx.). 

15  (2  +  10  V4) 

The  results  of  these  equations  cannot  be  applied  in  every 
case,  since  the  physical  properties  of  the  material  to  be  dried 
may  cause  the  transference  of  heat  not  to  take  place  exactly 
according  to  the  principles  enunciated  above.  In  such  cases 
experience  is  the  only  guide. 
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The  air  always  enters  the  drying-room  hotter  than  it 
leaves,  and  although  in  several  cases  its  degree  of  saturation 
with  water  vapour  may  be  greater  at  its  entry  than  its  exit, 
yet  the  higher  temperature  at  which  it  enters  always  causes 

TABLE  Xlir. 

Losses  of  Heat,  in  Calories,  by  Drying  Apparatus   in   one 
hour  from  1  scLuare-metre  of  Masonry,  Wooden  Wall  or 

Simple   Window   at    temperature    differences    between   interior 
and  exterior  of  5°  to  100°  C. 


Difference  in 
Temperature 
between  In- 
terior and 
Exterior. 

°C. 


Thickness  of  Masonry  Walls. 


5 
10 

15 
20 
25 
30 
35 
40 
45 
50 
55 
60 
65 
70 
75 
80 
85 
90 
95 
100 


120 
mm. 


12 

24 

36 

48 

60 

72 

84 

96 

108 

120 

132 

144 

156 

168 

180 

192 

204 

216 

228 

240 


250 
mm. 


8-5 

17-0 

25-5 

34-0 

42-5 

51-0 

59-5 

68-0 

76-5 

85-0 

93-5 

102-0 

110-5 

119-0 

127-5 

136-0 

144-5 

153-0 

161-5 

170-0 


380 
mm. 


6-5 

13-0 

19-5 

26-0 

32-5 

39-0 

45-5 

52-0 

58-5 

65-0 

71-5 

78-0 

84-5 

91-0 

97-5 

104-0 

110-5 

117-0 

123-5 

130-0 


510 
mm. 


5-5 
11-0 
16-5 
22-0 
27-5 
33-0 
3S-5 
44-0 
49-5 
55-0 
60-5 
66-0 
71-5 
77-0 
82-5 
88-0 
93-5 
99-0 
104-5 
110-0 


640 
mm. 


4-5 
9-0 
13-5 
18-0 
22-5 
27-0 
31-5 
36-0 
40-5 
45-0 
49-5 
54-0 
58-5 
63-0 
67-5 
72-0 
76-5 
81-0 
85-5 
90-0 


770 
mm. 


12 
16 
20 
24 
28 
32 
36 
40 
44 
48 
52 
56 
60 
64 
68 
72 
78 
80 


Wooden 
Wall. 


Simple 
Window. 


11 

25 

22 

50 

33 

75 

44 

100 

55 

125 

66 

150 

77 

175 

83 

200 

99 

225 

110 

250 

121 

275 

132 

300 

143 

325 

154 

350 

165 

375 

176 

400 

187 

425 

198 

450 

209 

475 

220 

500 

the  density  of  the  air  at  entry  to  be  less  than  at  exit.  It 
has  therefore  an  inclination  to  pass  downwards.  In  vertical 
drying-rooms  the  direction  of  the  currents  of  air  should 
therefore  be  from  top  to  bottom,  since  the  movement  is  then 
more  uniform  than  when  the   hot  air  enters  below   and   at 
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once  takes  the  shortest  path  to  the  upper  exit  without 
coming  in  contact  with  all  the  drying  material.  Similarly 
in  drying  in  flues  the  air  should  also  leave  below. 

We  have  seen  that  in  drying  apparatus,  which  works  at 
a  high  temperature,  losses  by  cooling  through  the  walls  and 
masonry  must  be  avoided  as  far  as  possible.  The  magnitude 
of  this  loss  is  indicated  in  Table  XIII.,  which  gives  the 
number  of  calories  lost  in  one  hour  from  1  square  metre  of 
masonry  or  wooden  wall  of  various  thicknesses. 

It  may  be  mentioned  here  that,  in  certain  cases,  when  the 
apparatus  works  at  a  low  temperature  and  at  a  very  small 
internal  pressure,  the  interior  may  be  cooler  than  the  sur- 
rounding air.  In  this  event  the  apparatus  takes  up  heat 
from  its  surroundings  to  its  advantage,  and  it  would  be 
advisable  to  construct  its  walls  in  such  a  manner  that  they 
would  readily  transmit  heat  to  the  interior. 

Thus,  whilst  a  drying  apparatus  intended  to  work  at 
a  high  temperature  should  be  constructed  of  masonry  with 
an  insulating  layer  of  air,  apparatus  required  to  work  at 
a  low  temperature  should  be  made  with  thin  wooden  or 
metal  walls. 

In  all  cases  the  drying-room  must  be  protected  against 
the  entry  of  air  from  outside.  The  walls  must  always  be 
free  from  leaks,  otherwise  cold  air  would  enter  the  drying- 
room  of  apparatus  working  at  high  temperatures  and  moist 
air  would  enter  apparatus  working  at  low  temperatures. 


THE    END. 
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Point  Lace — Power-loom  Weaving — Printing  Inks — Silk  Throwing — Smoke  Preven- 
tion— Soaps — Spinning— Textile  (Spinning,  Designing,  Dyeing,  Weaving,  Finishing 
—Textile  Materials— Textile  Fabrics— Textile  Fibres— Textile  Oils— Textile  Soaps- 
Timber — Water  (Industrial  Uses) — Water-prooHng — Weaving — Writing  Inks — Yarns 
Testing,  Sizing). 

LIST  III. 

Architectural  Terms — Brassware  (Bronzing,  Burnishing,  Dipping,  Lacquering) — 
Brickmaking — Building — Cement  Work — Ceramic  Industries — China — Coal-dust  Firing 
— Colliery  Books — Concrete — Condensing  Apparatus — Dental  Metallurgy — Drainage — 
Drugs — Dyeing — Earthenware — Electrical  Books — Enamelling' — Enamels — Engineer- 
ing Handbooks — Evaporating  Apparatus — Flint  Glass-making — Foods — Food  Preserv- 
ing— Fruit  Preserving — Gas  Engines — Gas  Firing  —  Gearing  —  Glassware  (Painting, 
Riveting) — Hops — Iron  (Construction,  Science) — Japanning — Lead — Meat  Preserving 
— Mines  (Haulage,  Electrical  Equipment,  Ventilation,  Recovery  Work  from) — Plants 
(Diseases,  Fungicides,  Insecticides) — Plumbing  Books — Pottery  (Architectural.  Clays, 
Decorating,  Manufacture,  Marks  on)  —  Reinforced  Concrete  —  Riveting  (China, 
Earthenware,  Glassware) — Sanitary  Engineering — Steam  Turbines — Steel  (Hardenmg, 
Tempering) — Sugar — Sweetmeats — Toothed  Gearing — Vegetable  Preserving  —  Wood 
Dyeing— X-Ray  Work. 


COPIES  OF  ANY  OF  THESE  LISTS  WILL  BE  SENT 
POST  FREE  ON  APPLICATION. 


(Paints,   Colours,    Pigments   and 
Printing  Inks.) 

THE  CHEMISTRY  OF  PIGMENTS.  By  Ernest  J. 
Parry,  B.Sc.  (Lond.),  F.I.C.;  F.C.S.,  and  J.  H.  Coste,  F.I.C, 
F.C.S.  Demy  8vo.  Five  Illustrations.  285  pp.  Price  10s.  6d. 
net.     (Post  free,  10s.  lOd.  home  ;    lis.  3d.  abroad.) 

THE  MANUFACTURE  OF  PAINT.  A  Practical 
Handbook  for  Paint  Manufacturers,  Merchants  and  Painters. 
By  J.  Cruickshank  Smith,  B.Sc.     Demy.Svo. 

[Nezu  Edition  in  Preparation^ 

DICTIONARY  OF  CHEMICALS  AND  RAW 
PRODUCTS  USED  IN  THE  MANUFACTURE 
OF  PAINTS,  COLOURS,  VARNISHES  AND 
ALLIED  PREPARATIONS.  By  George  H.  Hurst, 
F.C.S.  Demy  Svo.  380  pp.  Price  7s.  6d.  net.  (Post  free,  8s. 
home  ;  8s.  6d.  abroad.) 

THE  MANUFACTURE  OF  LAKE  PIGMENTS 
FROM  ARTIFICIAL  COLOURS.  By  Francis  H. 
Jennison,  F.I.C,  F.C.S.  Sixteen  Coloured  Plates,  showings 
Specimens  of  Eig^hty-nine  Colours,  specially  prepared  from 
the  Recipes  g^iven  in  the  Book.  136  pp.  Demy  8vo.  Price 
7s,  6d.  net.     (Post  free,  7s.  lOd.  home;  8s.  abroad.) 

THE  MANUFACTURE  OF  MINERAL  AND  LAKE 
PIGMENTS.  Containing  Directions  for  the  Manu- 
facture of  all  Artificial,  Artists  and  Painters'  Colours,  Enamel, 
Soot  and  Metallic  Pigments.  A  text-book  for  Manufacturers, 
Merchants,  Artists  and  Painters.  By  Dr.  Josef  Bersch. 
Translated  by  A.  C.  Wright,  M.A.  (Oxon.),  B.Sc.  (Lond.).  Forty- 
three  Illustrations.  476  pp.  Demy  Svo.  Price  12s.  6d.  net. 
(Post  free,  13s.  home;  13s.  6d.  abroad.) 

RECIPES  FOR  THE  COLOUR,  PAINT,  VARNISH, 
OIL,   SOAP  AND  DRYSALTERY  TRADES, 

Compiled  by  An  Analytical  Chemist.  330  pp.  Second  Revised 
and  Enlarged  Edition.  Demy  Svo.  Price  10s.  6d.  net.  (Post 
free,  lis,  home  ;    lis.  3d.  abroad.) 

OILMEN'S  SUNDRIES  AND  HOW  TO  MAKE  THEM. 

Being  a  Collection  of  Practical  Recipes  for  Boot  Polishes,  Blues, 
Metal  Polishes,  Disinfectants,  etc.,  compiled  from  "  Oils,  Col- 
ours and  Drysalteries  ".  Crown  Svo.  130  pages.  Price  2s.  6d. 
net.     (Post  free,  2s,  9d.  home  ;  2s.  lOd.  abroad.) 

OIL  COLOURS  AND  PRINTERS'  INKS.     By  Louis 

Edgar  Andes.  Translated  from  the  German.  215  pp.  Crown 
Svo.  56  Illustrations.  Price5s.net.  (Post  free,  5s.  4d.  home; 
5s.  6d.  abroad.) 


MODERN  PRINTING  INKS.  A  Practical  Handbook 
for  Printing  Ink  Manufacturers  and  Printers.  By  Alfred  Sey- 
mour. Demy  8vo.  Six  Illustrations.  90  pages.  >  Price  5s.  net. 
(Post  free,  5s.  4d.  home ;  5s.  6d.  abroad.) 

THREE  HUNDRED  SHADES  AND  HOW  TO  MIX 
THEM.  For  Architects,  Painters  and  Decorators.  By 
A.  Desaint,  Artistic  Interior  Decorator  of  Paris.  The  book  con- 
tains 100  folio  Plates,  measuring  12  in.  by  7  in.,  each  Plate  con- 
taining specimens  of  three  artistic  shades.  These  shades  are  all 
numbered,  and  their  composition  and  particulars  for  mixing  are 
fully  given  at  the  beginning  of  the  book.  Each  Plate  is  inter- 
leaved with  grease-proof  paper,  and  the  volume  is  very  artistic- 
ally bound  in  art  and  linen  with  the  Shield  of  the  Painters'  Guild 
impressed  on  the  cover  in  gold  and  silver.  Price  21s.  net.  (Post 
free,  21s.  6d.  home;  22s.  6d.  abroad.) 

HOUSE  DECORATING  AND  PAINTING.       By  W. 

Norman   Brown.      Eighty-eight  Illustrations.     150  pp.     Crown 
8vo.     Price  3s.  6d.  net.     (Post  free,  3s.  9d.  home  and  abroad.) 

A  HISTORY  OF  DECORATIVE  ART.  By  W.  Norman 
Brown.  Thirty-nine  Illustrations.  96  pp.  Crown  8vo.  Price 
Is.  net.     (Post  free,  Is.  3d.  home  and  abroad.) 

WORKSHOP  WRINKLES  for  Decorators,  Painters, 
Paperh angers,  and  Others.  By  W.  N.  Brown.  Crown  8vo. 
128  pp.  Second  Edition.  Price  2s.  6d.  net.  (Post  free,  2s.  9d. 
home;  2s.  lOd.  abroad.) 

CASEIN.  By  Robert  Scherer.  Translated  from  the 
German  by  Chas.  Salter.  Demy  8vo.  .  Illustrated.  Second 
Revised  English  Edition.  160  pp.  Price  7s.  6d.  net.  (Post  free, 
7s.  lOd.  home;  8s.  abroad.) 

SIMPLE  METHODS  FOR  TESTING  PAINTERS' 
MATERIALS.  By  A.  C.  Wright,  M.A.  (Oxon.), 
B.Sc.  (Lond.).  Crown  8vo.  160  pp.  Price  5s.  net.  (Post  free, 
5s.  3d.  home;  5s.  6d.  abroad.) 

IRON-CORROSION,  ANTI-FOULING  AND  ANTI- 
CORROSIVE  PAINTS.  Translated  from  the  German 
of  Louis  Edgar  Andks.  Sixty-two  Illustrations.  275  pp. 
Demy  8vo.  Price  lUs.  6d.  net.  (Post  free,  10s.  lOd.  home; 
lis.  3d.  abroad.) 

THE  TESTING  AND  VALUATION  OF  RAW 
MATERIALS  USED  IN  PAINT  AND  COLOUR 
MANUFACTURE.  By  M.  W.  Jones,  F.C.S.  A 
Book  for  the  Laboratories  of  Colour  Works.  88  pp.  Crown  8vo. 
Price  5s.  net.     (Post  free,  5s.  3d.  home  and  abroad.) 

For  contents  of  these  books,  see  List  I. 


THE      MANUFACTURE      AND      COMPARATIVE 
MERITS  OF  WHITE  LEAD  AND  ZINC  WHITE 
PAINTS.     By  G.   Petit,  Civil   Engineer,  etc.     Trans- 
lated from  the   French.     Crown  8vo.     100  pp.     Price  4s.  net. 
(Post  free,  4s.  3d.  home  ;  4s.  4d.  abroad.) 

STUDENTS'  HANDBOOK  OF  PAINTS,  COLOURS, 
OILS  AND  VARNISHES.  By  John  Furnell. 
Crown  8vo.  12  Illustrations.  96  pp.  Price  2s.  6d.  net.  (Post 
free,  2s.  9d.  home  and  abroad.) 

PREPARATION  AND  USES  OF  WHITE  ZINC 
PAINTS.  Translated  from  the  French  of  P.  Fleury. 
Crown  8vo.  28J  pages.  Price  6s.  net.  (Post  free,  6s.  4d.  home  ; 
6s.  6d.  abroad.) 


(Varnishes  and  Drying  Oils.) 

THE     MANUFACTURE     OF     VARNISHES     AND 
KINDRED  INDUSTRIES.    By  J.  Geddes  McIntosh. 
Second,  greatly  enlarged,  English  Edition,  in  three  Volumes, 
based  on  and  including  the  work  of  Ach.  Livache.j 

Volume  I.— OIL  CRUSHING,  REFINING  AND 
BOILING,  THE  MANUFACTURE  OF  LINO- 
LEUM, PRINTING  AND  LITHOGRAPHIC 
INKS,   AND  INDIA-RUBBER  SUBSTITUTES. 

Demy  8vo.      150  pp.      29   Illustrations.       Price   7s.    6d.    net. 
(Post  free,  7s.  lOd.  home;  8s.  abroad.) 

Volume  II.— VARNISH  MATERIALS  AND  OII^ 
VARNISH  MAKING.  Demy  8vo.  70  Illustrations. 
220  pp.  Price  10s.  6.1.  net.  (Post  free,  10s.  lOd.  home; 
lis.  3d.  abroad.) 

Volume  III.— SPIRIT  VARNISHES  AND  SPIRIT 
VARNISH  MATERIALS.     Demy  8vo.    Illustrated. 

434  pp.     Price  12s.  6d.   net.     (Post  free,   13s.  home;   13s.  6d. 
abroad.) 

DRYING  OILS,  BOILED  OIL  AND  SOLID  AND 
LIQUID  DRIERS.  By  L.  E.  Andes.  Expressly 
Written  for  this  Series  of  Special  Technical  Books,  and  the 
Publishers  hold  the  Copyright  for  English  and  Foreign  Editions. 
Forty-two  Illustrations.  342  pp.  Demy  8vo.  Price  12s.  6d. 
net.     (Post  free,  13s.  home;   13s.  3d.  abroad.) 

{A}ialysis  of  Resins,  see  page  P.) 
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(Oils,   Fats,   Waxes,  Greases,  Petroleum.) 

LUBRICATING     OILS,     FATS    AND     GREASES  : 

Their  Origin,  Preparation,  Properties,  Uses  and  Analyses.  A 
Handbook  for  Oil  Manufacturers,  Refiners  and  Merchants,  and 
the  Oil  and  Fat  Industry  in  General.  By  George  H.  Hurst, 
F.C.S.  Third  Revised  and  Enlarged  Edition.  Seventy-four 
Illustrations.  384  pp.  Demy  8vo.  Price  10s.  6d.  net.  (Post 
free,  lis.  home;   lis.  3d.  abroad.) 

TECHNOLOGY  OF  PETROLEUM:  Oil  Fields  of  the 
World— Their  History,  Geography  and  Geology — Annual  Pro- 
duction and  Development — Oil-well  Drilling — Transport.  By 
Henry  Neuberger  and  Henry  Noalhat.  Translated  from  the 
French  by  J.  G.  McIntosh.  550  pp.  153  Illustrations.  26  Plates. 
Super  Royal  8vo.  Price  21s.  net.  (Post  free,  21s.  9d.  home; 
23s.  6d.  abroad.) 

MINERAL  WAXES:  Their  Preparation  and  Uses.  By 
Rudolf  Gregorius.  Translated  from  the  German.  Crown  8 vo. 
250  pp.  32  Illustrations.  Price  6s.  net.  (Post  free,  6s.  4d. 
home  ;  6s.  6d.  abroad.) 

THE  PRACTICAL  COMPOUNDING  OF  OILS, 
TALLOW  AND  GREASE  FOR  LUBRICA- 
TION, ETC.  By  An  Expert  Oil  Refiner.  Second 
Edition.  100  pp.  Demy  8vo.  Price  7s.  6d.  net.  (Post  free, 
7s.  lOd.  home  ;  8s.  abroad.) 

THE  MANUFACTURE  OF  LUBRICANTS,  SHOE 
POLISHES    AND    LEATHER    DRESSINGS.     By 

Richard  Brunner.  Translated  from  the  Sixth  German  Edition 
by  Chas.  Salter.  10  Illustrations.  Crown  8 vo.  170  pp.  Price 
7s.  6d.  net.     (Post  free,  7s.  lOd.  home  ;  8s.  abroad.) 

THE  OIL  MERCHANTS'  MANUAL  AND  OIL 
TRADE  READY  RECKONER.  Compiled  by 
Frank  F.  Sherriff.  Second  Edition  Revised  and  Enlarged. 
Demy  8vo.  214  pp.  With  Two  Sheets  of  Tables.  Price  7s.  6d. 
net.     (Post  free,  7s.  lOd.  home  ;  8s.  3d.  abroad.) 

ANIMAL  FATS  AND  OILS:  Their  Practical  Pro- 
duction, Purification  and  Uses  for  a  great  Variety  of  Purposes. 
Their  Properties,  Falsification  and  Examination.  Translated 
from  the  German  of  Louis  Edgar  Andes.  Sixty-two  Illustrations. 
240  pp.  Second  Edition,  Revised  and  Enlarged.  Demy  8vo. 
Price  10s.  6d.  net.     (Post  free,  lOs.  lOd.  home;  lis.  3d.  abroad.) 

F.or  contents  of  these  books,  see  List  I. 


VEGETABLE  FATS  AND  OILS:  Their  Practical 
Preparation,  Purification  and  Employment  for  Various  Purposes, 
tlieir  Properties,  Adulteration  and  Examination.  Translated 
from  the  German  of  Louis  Edgar  Andes.  Ninety-four  Illus- 
trations. 340  pp.  Second  Edition.  Demy  8vo.  Price  10s.  bd. 
net.     (Post  free,  lis.  home;   lis.  6d.  abroad.) 

EDIBLE  FATS  AND  OILS:  Their  Composition,  Manu- 
facture and  Analysis.  By  W.  H.  Simmons,  B.Sc.  (Lond.),  and 
C.  A.  Mitchell,  B.A.  (Oxon.).  Demy  8vo.  150  pp.  Price 
7s.  6d.  net.     (Post  free,  7s.  lOd.  home  ;  8s.  abroad.) 

(Essential  Oils  and  Perfumes.) 

THE  CHEMISTRY  OF  ESSENTIAL  OILS  AND 
ARTIFICIAL  PERFUMES.  By  Ernest  J.  Parry, 
B.Sc.  (Lond.),  F.I.C.,  F.C.S.  Second  Edition,  Revised  and 
Enlarged.  552  pp.  20  Illustrations.  Demy  8vo.  Price  12s.  6d. 
net.     (Post  free,  13s.  home;   13s.  6d.  abroad.) 

(Soap  Manufacture.) 

SOAPS.  A  Practical  Manual  of  the  Manufacture  of 
Domestic,  Toilet  and  other  Soaps.  By  George  H.  Hurst,  F.C.S. 
2nd  edition.  390  pp.  b6  Illustrations.  Demy  8vo.  Price  12s.  6d. 
iiet.     (Post  free,  13s.  home  ;  13s.  6d.  abroad.) 

TEXTILE  SOAPS  AND  OILS.  Handbook  on  the 
Preparation,  Properties  and  Analysis  of  the  Soaps  and  Oils  used 
in  Textile  Manufacturing,  Dyeing  and  Printing.  By  George 
H.  Hurst,  F.C.S.  Crown  8vo.  195  pp.  Price  5s.  net.  (Post 
free,  5s.  4d.  home ;  5s.  6d.  abroad.) 

THE  HANDBOOK  OF  SOAP  MANUFACTURE. 

By  Wm.  H.  Simmons,  B.Sc.  (Lond.),  F.C.S.  and  H.  A.  Appleton. 
Demy  8vo.  16u  pp.  27  Illustrations.  Price  8s.  6d.  net.  (Post 
free,  8s.  lOd.  home  ;  9s.  abroad.) 

MANUAL  OF  TOILET  SOAPMAKING,  including 
Medicated  Soaps  Stain-removing  Soaps,  Metal  Polishing  Soaps, 
Soap  Powders  and  Detergents.  Translated  from  the  German 
of  Dr.  C.  Deite.  Demy  quarto.  150  pages.  79  Illustrations. 
Price  12s.  6d.  net.     (Post  free,  13s.  home  ;  13s.  6d.  abroad  ) 

(Cosmetical  Preparations.) 

COSMETICS:  MANUFACTURE,  EMPLOYMENT 
AND  TESTING  OF  ALL  COSMETIC 
MATERIALS  AND  COSMETIC  SPECIALITIES. 

Translated  from  the  German  of  Dr.  Theodor  Roller.  Crown 
8vo.  2t)2  pp.  Price  5s.  net.  (Post  free,  5s.  4d.  home  ;  5s.  6d. 
abroad.) 


(Glue,  Bone  Products  and  Manures.) 

GLUE  AND  GLUE  TESTING.  By  Samuel  Rideal, 
D.Sc.  (Lond.),  F.I.C.  Fourteen  Engravings.  144  pp.  Demy 
Svo.     Price  10s.  6d.  net.     (Post  free,  10s.  lOd.  home  ;  lis.  abroad  ) 

BONE    PRODUCTS    AND    MANURES :    An  Account 

of  the  most  recent  Improvements  in  the  Manulacture  of  Fat, 
Glue,  Animal  Charcoal,  Size,  Gelatine  and  Manures.  By  Thomas 
Lambert,  Technical  and  Consulting  Chemist.  Second  Revised 
Edition.  Demy  Svo.  172  pages.  17  Illustrations.  Price  7s.  6d. 
net.     (Post  free,  7s.  lOd.  home  ;  8s.  abroad.) 

(Sie  also  Chemical. Manures,  p.  9.) 

(Chemicals,  Waste  Products,  etc.) 

REISSUE  OF  CHEMICAL  ESSAYS  OF  C.  W. 
SCHEELE.  First  Published  in  English  in  1786. 
Translated  from  the  Academy  of  Sciences  at  Stockholm,  with 
Additions.  300  pp.  Demy  Svo.  Price  5s.  net.  (Post  free,  5s.  6d. 
home  ;  5s.  9d.  abroad.) 

THE  MANUFACTURE  OF  ALUM  AND  THE  SUL- 
PHATES  AND  OTHER  SALTS  OF  ALUMINA 
AND  IRON.  Their  Uses  and  Applications  as  Mordants 
in  Dyeing  and  Calico  Printing,  and  their  other  Applications  in 
the  Arts,  Manufactures,  Sanitary  Engineering,  Agriculture  and 
Horticulture.  Translated  from  the  French  of  Lucien  Gesch- 
wiND.  195  Illustrations.  400  pp.  Royal  Svo.  Price  12s.  6d. 
net.     (Post  free,  13s.  home  ;  13s.  6d.  abroad.) 

AMMONIA  AND  ITS  COMPOUNDS :  Their  Manu- 
facture and  Uses.  By  Camille  Vincent,  Professor  at  the 
Central  School  of  Arts  and  Manufactures,  Paris.  Translated 
from  the  French  by  M.  J.  Salter.  Royal  Svo.  114  pp.  Thirty- 
two  Illustrations.  Price  5s.  net.  (Post  free,  5s.  4d.  home ; 
5s.  6d.  abroad.) 

CHEMICAL  WORKS:  Their  Design,  Erection,  and 
Equipment.  By  S.  S.  Dyson  and  S.  S.  Clarkson.  Royal  Svo. 
220  pp.  With  9  Folding  Plates  and  iO  Illustrations.  Price  21s. 
net,     (Post  free,  21s.  6d.  home;  22s.  abroad.) 

MANUAL  OF  CHEMICAL  ANALYSIS,  as  applied  to 
the  Assay  of  Fuels,  Oi'es,  Metals,  Alloys,  Salts  and  other  Mineral 
Products.  By  E.  Prost,  D.Sc.  Translated  by  J.  Cruickshank 
Smith,  B.Sc.  Royal  Svo.  300  pages.  44  Illustrations.  Price 
12s.  6d.  net.     (Post  free,  13s.  home  ;  13s.  6d.  abroad.) 

TESTING  OF  CHEMICAL  REAGENTS  FOR 
PURITY.  Translated  from  the  German  of  Dr.  C. 
Krauch.  Royal  Svo.  350  pages.  Price  12s.  6d.  net.  (Post  free, 
13s.  home  ;  13s.  6d.  abroad.) 


For  contents  of  these  books,  see  List  I. 
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SHALE  OILS  AND  TARS  and  their  Products.  By 
Dr.  W.  ScHEiTHAUER.  Translated  from  the  German.  Demy  8vo. 
190  pages.  70  Illustrations  and  4  Diagrams.  Price  8s.  6d.  net. 
(Post  free,  8s.  lOd.  home  ;  9s.  abroad).  [J^ust  published. 

INDUSTRIAL  ALCOHOL.  A  Practical  Manual  on  the 
Production  and  Use  of  Alcohol  for  Industrial  Purposes  and  for 
Use  as  a  Heating  Agent,  as  an  Illuminant  and  as  a  Source  of 
Motive  Power.  By  J.  G.  McIntosh,  Lecturer  on  Manufacture 
and  Applications  of  Industrial  Alcohol  at  The  Polytechnic, 
Regent  Street,  London.  Demy  8vo.  1907.  250  pp.  With  75 
Illustrations  and  25  Tables.  Price  7s.  6d.  net.  (Post  free,  7s.  lOd. 
home  ;  8s.  3d.  abroad.) 

THE  UTILISATION   OF  WASTE   PRODUCTS.      A 

Treatise  on  the  Rational  Utilisation,  Recovery  and  Treatment  of 
Waste  Products  of  all  kinds.  By  Dr.  Theodor  Roller.  Trans- 
lated from  the  Second  Revised  German  Edition.  Twenty-two 
Illustrations.  Demy  Svo.  280  pp.  Price  7s.  6d.  net.  (Post  free, 
7s.  lOd.  home ;  8s.  3d.  abroad.) 

ANALYSIS  OP  RESINS  AND  BALSAMS.  Trans- 
lated  from  the  German  of  Dr.  Karl  Dieterich.  Demy  8vo.  340 
pp.    Price  7s.  6d.  net.    (Post  free,  7s.  lOd.  home;  8s.  3d.  abroad.) 

DISTILLATION  OF  RESINS,  RESINATE  LAKES 
AND  PIGMENTS,  CARBON  PIGMENTS  AND 
PIGMENTS  FOR  TYPEWRITING  MACHINES, 
MANIFOLDERS,  ETC.  By  Victor  Schweizer. 
Demy8vo.  185  pages.  68  Illustrations.  Price7s.6d.net.  (Post 
free,  8s.  home  ;  8s.  3d.  abroad.) 

DISINFECTION    AND    DISINFECTANTS.     By  M. 

Christian.  Translated  from  the  German.  Crown  8vo.  112 
pages.  18  Illustrations.  Price  5s.  net.  (Post  free,  5s.  3d.  home  ; 
5s.  6d.  abroad.)  [jl^nst  published. 

(Agricultural  Chemistry  and  Manures.) 

MANUAL  OF  AGRICULTURAL  CHEMISTRY.     By 

Herbert  Ingle,  F.I.C,  Late  Lecturer  on  Agricultural  Chemistry, 
the  Leeds  University ;  Lecturer  in  the  Victoria  University. 
Third  and  Revised  Edition.  400  pp.  16  Illustrations.  Demy 
8vo.     Price  7s.  6d.  net.     (Post  free,  8s.  home ;  8s.  6d.  abroad.) 

CHEMICAL  MANURES.  Translated  from  the  French 
of  J.  Fritsch.  Demy  8vo.  Illustrated.  340  pp.  Price  10s.  6d. 
net.     (Post  free,  lis.  home;  lis.  6d.  abroad.) 

{See  also  Bone  Products  and  Manures,  p.  8.) 

(Writing  Inks  and  Sealing  Waxes.) 

INK  MANUFACTURE:  Including  Writing,  Copj  ing, 
Lithographic,  Marking,  Stamping,  and  Laundry  Inks.  By 
SiGMUND  Lehner.  Three  Illustrations.  Crown  8vo.  162  pp. 
Translated  from  the  German  of  the  Fifth  Edition.  Price  5s.  net. 
(Post  free,  5s.  3d.  home  ;   5s,  6d.  abroad.) 
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SEALING-WAXES,  WAFERS  AND  OTHER 
ADHESIVES  FOR  THE  HOUSEHOLD,  OFFICE, 
WORKSHOP  AND  FACTORY.    By  H.  C.  Standage. 

Crown  8vo.     96  pp.     Price   5s.   net.     (Post  free,  5s.  3d.  home  ; 
5s.  4d.  abroad.) 

(Lead  Ores  and  Lead  Compounds.) 

LEAD  AND  ITS  COMPOUNDS.  By  Thos.  Lambert, 
Technical  and  Consulting  Chemist.  Demy  Svo.  226  pp.  Forty 
Illustrations.  Price  7s.  6d.  net.  (Post  free,  7s.  lOd.  home ; 
8s.  3d.  abroad.) 

NOTES  ON  LEAD  ORES :  Their  Distribution  and  Pro- 
perties. By  Jas.  Fairie,  F.G.S.  Crown  Svo.  64  pages.  Price 
Is.  net.     (Post  free,  Is.  3d.  home  ;  Is.  4d.  abroad.) 

{White  Lead  and  Zinc  White  Paints,  see  p.  5.) 

(Industrial  Hygiene.) 

THE  RISKS  AND  DANGERS  TO  HEALTH  OF 
VARIOUS  OCCUPATIONS  AND  THEIR  PRE- 
VENTION. By  Leonard  A.  Parry,  M.D.,  B.Sc. 
(Lond.).  196  pp.  Demy  Svo.  Price  7s.  6d.  net.  (Post  free, 
7s.  lOd.  home  ;  Ss.  abroad.) 

(Industrial  Uses  of  Air,  Steam  and 
Water.) 

DRYING  BY  MEANS  OF  AIR  AND  STEAM.     Ex- 

planations,  Formulae,  and  Tables  for  Use  in  Practice.  Trans- 
lated from  the  German  of  E.  Hausbrand.  Second  Revised 
English  Edition.  Two  folding  Diagrams,  Thirteen  Tables,  and 
Two  Illustrations.  Crown  Svo.  76  pp.  Price  5s.  net.  (Post 
free,  5s.  3d.  home ;   5s.  6d.  abroad.) 

(See  also  "  Evaporating,  Cojidensing  and  Cooling  Apparatus,''''  p.  19.) 

PURE  AIR,  OZONE  AND  WATER.  A  Practical 
Treatise  of  their  Utilisation  and  Value  in  Oil,  Grease,  Soap,  Paint, 
Glue  and  other  Industries.  By  W.  B.  Cowell.  Twelve  Illus- 
trations. Crown  Svo.  S5  pp.  Price  5s.  net.  (Post  free,  5s.  3d. 
home;  5s.  6d.  abroad. ) 

THE  INDUSTRIAL  USES  OF  WATER.  COMPOSI- 
TION—EFFECTS—TROUBLES—REMEDIES— 
RESIDUARY  WATERS  — PURIFICATION— AN- 
ALYSIS. By  H.  DE  LA  Coux.  Royal  Svo.  Trans- 
lated from  the  French  and  Revised  by  Arthur  Morris.  364  pp. 
135  Illustrations.  Price  10s.  6d.  net.  (Post  free,  lis.  home; 
lis.  6d.  abroad.) 

{See  Books  on  Smoke  Prevention,  Engineering  and  Metallurgy,  p.  19,  etc.) 
For  contents  of  these  books ^  see  List  III. 
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(X  Rays.) 

PRACTICAL  X  RAY  WORK.  By  Frank  T.  Addyman, 
B.Sc.  (Lond.),  F.I.C,  Member  of  the  Roentgen  Society  of  London  ; 
Radiographer  to  St.  George's  Hospital ;  Demonstrator  of  Physics 
and  Chemistry,  and  Teacher  of  Radiography  in  St.  George's 
Hospital  Medical  School.  Demy  8vo.  Twelve  Plates  from 
Photographs  of  X  Ray  Work.  Fiity-two  Illustrations.  200  pp. 
Price  10s.  6d.  net.     (Post  free,  10s.  lOd.  home;   lis.  3d.  abroad.) 

(India=Rubber  and  Qutta  Percha.) 

INDIA-RUBBER   AND    GUTTA    PERCHA.      Second 

English  Edition,  Revised  and  Enlarged.  Based  on  the  French 
work  of  T.  Seeligmann,  G.  Lamy  Torrilhon  and  H.  Falconnet 
by  John  Geddes  McIntosh.  Royal  8vo.  100  Illustrations.  400 
pages.  Price  12s.  6d.  net.  (Post  free,  13s.  home;  13s.  6d. 
abroad.) 

(Leather  Trades.) 

THE    LEATHER    WORKER'S    MANUAL.     Being   a 

Compendium  of  Practical  Recipes  and  Working  Formula  for 
Curriers,  Bootmakers,  Leather  Dressers,  Blacking  Manufac- 
turers, Saddlers,  Fancy  Leather  Workers.  By  H.  C.  Standage. 
Demy  8vo.  165  pp.  Price  7s.  6d.  net.  (Post  free,  7s.  lOd.  home; 
8s.  abroad.) 

{See  also  Manufacture  of  Shoe  Polishes,  Leather  Dressings,  etc.,  p.  6.) 

(Pottery,  Bricks,  Tiles,  Glass,  etc) 

MODERN  BRICKMAKING.  By  Alfred  B.  Searle, 
Royal  Svo.  440  pages.  260  Illustrations.  Price  12s.  6d.  net. 
(Post  free,  13s.  home;  13s.  6d.  abroad.) 

THE  MANUAL  OF  PRACTICAL  POTTING.  Com- 
piled by  Experts,  and  Edited  by  Chas.  F.  Binns.  Fourth  Edition, 
Revised  and  Enlarged.  200  pp.  Demy  Svo.  Price  17s.  6d.  net- 
(Post  free,  17s.  lOd.  home;   18s.  3d.  abroad.) 

POTTERY  DECORATING.  A  Description  of  all  the  Pro- 
cesses for  Decorating  Pottery  and  Porcelain.  By  R.  Hainbach. 
Translated  from  the  German.  Crown  Svo.  250  pp.  Twenty- 
two  Illustrations.  Price  7s.  6d.  net.  (Post  free,  7s.  lOd.  home  ; 
8s.  abroad.) 

A    TREATISE    ON    CERAMIC    INDUSTRIES.      A 

Complete  Manual  for  Pottery,  Tile,  and  Brick  Manufacturers.  By 
Emile  Bourry.  a  Revised  Translation  from  the  French,  with 
some  Critical  Notes  by  Alfred  B.  Searle.  Demy  Svo.  308 
Illustrations.  460  pp.  Price  12s.  6d.  net.  (Post  free,  13s.  home; 
13s.  6d.  abroad.) 
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ARCHITECTURAL  POTTERY.  Bricks,  Tiles,  Pipes, 
Enamelled  Terra-cottas,  Ordinary  and  Incrusted  Quarries,  Stone- 
ware Mosaics,  Faiences  and  Architectural  Stoneware.  By  Leon 
Lefevre.  Translated  from  the  French  by  K.  H.  Bird,  M.A., 
and  W.  Moore  Binns.  With  Five  Plates,  950  Illustrations  in 
the  Text,  and  numerous  estimates.  500  pp.  Royal  8vo.  Price 
15s.  net.     (Post  free,  15s.  6d.  home;  16s.  6d.  abroad.) 

THE  ART  OP  RIVETING  GLASS,  CHINA  AND 
EARTHENWARE.  By  J.  Howorth.  Second 
Edition.  Paper  Cover.  Pricels.net.  (By  post,  home  or  abroad, 
Is.  Id.) 

NOTES  ON  POTTERY  CLAYS.  The  Distribution, 
Properties,  Uses  and  Analyses  of  Ball  Clays,  China  Clays  and 
China  Stone.  By  Jas.  Fairie,  F.G.S.  132  pp.  Crown  8vo. 
Price   3s.    6d.    net.     (Post  free,  3s.  9d.  home  ;  3s.  lOd.  abroad.) 


HOW  TO  ANALYSE  CLAY.  By  H.  M.  Ashby.  Demy 
8vo.  72  pp.  20  Illustrations.  Price  3s.  6d.  net.  (Post  free, 
3s.  9d.  home ;  3s.  lOd.  abroad.) 

A  Reissue  of 

THE  HISTORY  OF  THE  STAFFORDSHIRE  POT- 
TERIES;  AND  THE  RISE  AND  PROGRESS 
OF  THE  MANUFACTURE  OF  POTTERY  AND 
PORCELAIN.  With  References  to  Genuine  Specimens, 
and  Notices  of  Eminent  Potters.  By  Simeon  Shaw.  (Originally 
published  in  1829.)  265  pp.  Demy  8vo.  Price  5s.  net.  (Post 
free,  5s.  4d.  home ;   5s.  9d.  abroad.) 

A  Reissue  of 

THE  CHEMISTRY  OF  THE  SEVERAL  NATURAL 
AND  ARTIFICIAL  HETEROGENEOUS  COM- 
POUNDS USED  IN  MANUFACTURING  POR- 
CELAIN, GLASS  AND  POTTERY.  By  Simeon 
Shaw.  (Originally  published  in  1837.)  750  pp.  Royal  8vo, 
Price  10s.  net.     (Post  free,  10s.  6d.  home ;  12s.  abroad.) 

BRITISH  POTTERY  MARKS.     By  G.  Woolliscroft 

Rhead.  Demy  8vo.  310  pp.  With  over  Twelve-hundred  Illus- 
trations of  Marks.  Price  7s.  6d.  net.  (Post  free,  8s.  home ; 
8s.  3d.  abroad.) 

For  contents  of  these  books,  see  List  III. 
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(Glassware,  Glass  Staining  and  Painting.) 

RECIPES    FOR    FLINT    GLASS    MAKING.     By   a 

British  Glass  Master  and  Mixer.  Sixty  Recipes.  Being  Leaves 
from  the  Mixing  Book  of  several  experts  in  the  Flint  Glass  Trade, 
containing  up-to-date  recipes  and  valuable  information  as  to 
Crystal,  Demi-crystal  and  Coloured  Glass  in  its  many  varieties. 
It  contains  the  recipes  for  cheap  metal  suited  to  pressing,  blow- 
ing, etc.,  as  well  as  the  most  costly  crystal  and  ruby.  Second 
Edition.  Crown  8vo.  Price  10s.  6d.  net.  (Post  free,  10s.  9d. 
home;  10s.  lOd.  abroad.) 

A  TREATISE  ON  THE  ART  OF  GLASS  PAINT- 
ING.  Prefaced  with  a  Review  of  Ancient  Glass.  By 
Ernest  R.  Suffling.  With  One  Coloured  Plate  and  Thirty- 
seven  Illustrations.  Demy  8vo.  140  pp.  Price  7s.  6d.  net. 
(Post  free,  7s.  lOd,  home;  8s.  abroad.) 

(Paper  Making,  Paper  Dyeing,  and 
Testing. ) 

THE  DYEING  OF  PAPER  PULP.  A  Practical 
Treatise  for  the  use  of  Papermakers,  Paperstainers,  Students 
and  others.  By  Julius  Erfurt,  Manager  of  a  Paper  Mill. 
Translated  into  English  and  Edited  with  Additions  by  Julius 
HiJBNER,  F.C.S.,  Lecturer  on  Papermaking  at  the  Manchester 
Municipal  Technical  School.  With  illustrations  and  157  patterns 
of  paper  dyed  in  the  pulp.  Royal  8vo,  180  pp.  Price  15s.  net. 
(Post  fi'ee,  15s.  6d.  home;   16s.  6d.  abroad). 

THE  PAPER  MILL  CHEMIST.  By  Henry  P.  Stevens, 
M.A.,  Ph.D.,  F.I.C.  Royal  12mo.  60  illustrations.  300  pp. 
Price  7s.  6d.  net.     (Post  free,  7s.  9d.  home ;  7s.  lOd.  abroad.) 

THE  TREATMENT  OF  PAPER  FOR  SPECIAL 
PURPOSES.  By  L.  E.  Andes.  Translated  from  the 
German.  Crown  Svo.  48  Illustrations.  250  pp.  Price  6s.  net. 
(Post  free,  6s.  4d.  home ;  6s.  6d.  abroad.) 

(Enamelling  on  Metal.) 

ENAMELS      AND      ENAMELLING.       For     Enamel 

Makers,  Workers  in  Gold  and  Silver,  and  Manufacturers  of 
Objects  of  Art.  By  Paul  Randau.  Second  and  Revised 
Edition.  Translated  from  the  German.  With  16  Illustrations. 
Demy  Svo.  200  pp.  Price  10s.  6d.  net.  (Post  free,  lOs.  lOd. 
home;  lis.  abroad.) 

THE    ART    OF   ENAMELLING   ON   METAL.      By 

W.  Norman  Brown.  Second  Edition,  Revised.  Crown  Svo. 
60  pp.  Price  3s.  6d.  net.  (Post  free,  3s.  9d.  home ;  3s.  lOd. 
abroad.)  [jfust  published. 
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(Textile  and  Dyeing  Subjects.) 

THE  FINISHING  OF  TEXTILE  FABRICS  (Woollen, 
Worsted,  Union  and  other  Cloths).  By  Roberts  Beaumont, 
M.Sc,  M.I. Mech.E.,  Professor  of  Textile  Industries,  the  Univer- 
sity of  Leeds ;  Author  of  "  Colour  in  Woven  Design  "  ;  "  Woollen 
and  Worsted  Cloth  Manufacture";  "Woven  Fabrics  at  the 
World's  Fair  "  ;  Vice-President  of  the  Jury  of  Award  at  the  Paris 
Exhibition,  1900  ;  Inspector  of  Textile  Institutes  ;  Society  of 
Arts  Silver  Medallist ;  Honorary  Medallist  of  the  City  and  Guilds 
of  London  Institute.  With  150  Illustrations  of  Fibres,  Yarns 
and  Fabrics,  also  Sectional  and  other  Drawings  of  Finishing 
Machinery  Demy  8vo.  260  pp.  Price  10s.  6d.  net.  (Post  free, 
lUs.  lOd.  home;  lis.  3d.  abroad.) 

FIBRES  USED  IN  TEXTILE  AND  ALLIED  IN- 
DUSTRIES. By  C.  AiNSWORTH  Mitchell,  B.A. 
(Oxon.),  F.I.C.,  and  R.  M.  Prideaux,  F.I.C.  With  66  Illustra- 
tions specially  drawn  direct  from  the  Fibres.  Demy  8vo. 
200  pp.     Price  7s.  6d.  net.     (Post  free,  7s.  lOd.  home  ;  8s.  abroad.) 

DRESSINGS  AND  FINISHINGS  FOR  TEXTILE 
FABRICS    AND    THEIR    APPLICATION.      De- 

scription  of  all  the  Materials  used  in  Dressing  Textiles  :  Their 
Special  Properties,  the  preparation  of  Dressings  and  their  em- 
ployment in  Finishing  Linen,  Cotton,  Woollen  and  Silk  Fabrics. 
Fireproof  and  Waterproof  Dressings,  together  with  the  principal 
machinery  employed.  Translated  from  the  Third  German 
Edition  of  Friedrich  Polleyn.  Demy  8vo.  280  pp.  Sixty 
Illustrations.  Price  7s.  6d.  net.  (Post  free,  7s.  lOd.  home  ; 
8s.  abroad.) 

THE  CHEMICAL  TECHNOLOGY  OF  TEXTILE 
FIBRES  :  Their  Origin,  Structure,  Preparation,  Wash- 
ing, Bleaching,  Dyeing,  Printing  and  Dressing.  By  Dr.  Georg 
VON  Georgievics.  Translated  from  the  German  by  Charles 
Salter.  320  pp.  Forty-seven  Illustrations.  Royal  8vo.  Price 
10s.  6d.  net.     (Post  free,  lis.  home  ;  lis.  3d.  abroad.) 

POWER-LOOM  WEAVING  AND  YARN  NUMBER- 
ING, According  to  Various  Systems,  with  Conversion 
Tables.  Translated  from  the  German  of  Anthon  Gruner.  With 
Twenty-Six  Diag^rams  in  Colours.  150  pp.  Crown  8vo.  Price 
7s.  6d.  net.     (Post  free,  7s.  9d.  home  ;  8s.  abroad.) 

TEXTILE  RAW  MATERIALS  AND  THEIR  CON- 
VERSION INTO  YARNS.  (The  Study  of  the  Raw 
Materials  and  the  Technology  of  the  Spinning  Process.)  By 
Julius  Zipser.  Translated  from  German  by  Charles  Salter. 
302  Illustrations.  500  pp.  Demy  8vo.  Price  10s.  6d.  net. 
(Post  free,  lis.  home  ;   lis.  6d.  abroad.) 

For  contents  of  these  books,  see  List  II. 
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GRAMMAR  OF  TEXTILE  DESIGN.  By  H.  Nisbet, 
Weaving  and  Designing  Master,  Bolton  Municipal  Technical 
School.  Demy  8vo.  280  pp.  490  Illustrations  and  Diagrams. 
Price  6s.  net.     (Post  free,  6s.  4d.  home;  6s.  6d.  abroad.) 

ART  NEEDLEWORK  AND  DESIGN.  POINT 
LACE.  A  Manual  of  Applied  Art  for  Secondary  Schools 
and  Continuation  Classes.  By  M.  E.  Wilkinson.  Oblong 
quarto.  With  22  Plates.  Bound  in  Art  Linen.  Price  3s.  6d. 
net.     (Post  free,  3s.  lOd.  home  ;  4s.  abroad.) 

HOME  LACE-MAKING.  A  Handbook  for  Teachers  and 
Pupils.  By  M.  E.  W.  Milroy.  Crown  8vo.  64  pp.  With  3 
Plates  and  9  Diagrams.  Price  Is.  net.  (Post  free,  Is.  3d.  home* 
Is.  4d.  abroad.) 

THE   CHEMISTRY  OF  HAT   MANUFACTURING. 

Lectures  delivered  before  the  Hat  Manufacturers'  Association. 
By  Watson  Smith,  F.C.S.,  F.LC.  Revised  and  Edited  by 
Albert  Shonk.  Crown  Svo.  132  pp.  16  Illustrations.  Price 
7s.  6d.  net.     (Post  free,  7s.  9d.  home  ;  7s.  lOd.  abroad.) 

THE  TECHNICAL  TESTING  OF  YARNS  AND 
TEXTILE  FABRICS.  With  Reference  to  Official 
Specifications,  Translated  from  the  German  of  Dr.  J.  Herzfeld. 
Second  Edition.  Sixty-nine  Illustrations.  200  pp.  Demy  Svo. 
Price  10s.  6d.  net.     (Post  free,  10s.  lOd.  home;   lis.  abroad.) 

DECORATIVE  AND  FANCY  TEXTILE  FABRICS. 

By  R.  T.  Lord.     For  Manufacturers  and  Designers  of  Carpets, 

Damask,  Dress  and  all  Textile   Fabrics.      200  pp.  Demy  Svo. 

132  Designs  and  Illustrations.  Price  7s.  6d.  net.  (Post  free, 
7s.  lOd.  home;  Ss.  abroad.) 

THEORY  AND  PRACTICE  OF  DAMASK  WEAV- 
ING. By  H.  KiNZER  and  K.  Walter.  Royal  Svo. 
Eighteen  Folding  Plates.  Six  Illustrations.  Translated  from 
the  German.  110  pp.  Price  8s.  6d.  net.  (Post  free,  9s.  home  ; 
9s.  6d.  abroad.) 

FAULTS  IN  THE  MANUFACTURE  OF  WOOLLEN 
GOODS      AND      THEIR      PREVENTION.       By 

Nicolas  Reiser.  Translated  from  the  Second  German  Edition. 
Crown  Svo.  Sixty-three  Illustrations.  170  pp.  Price  5s.  net. 
(Post  free,  5s.  4d.  home  ;  5s.  6d.  abroad.) 

SPINNING     AND     WEAVING     CALCULATIONS, 

especially    relating    to    Woollens.        From    the  German   of    N. 

Reiser.      Thirty-four  Illustrations.      Tables.  160   pp.      Dem. 

Svo.  1904.  Pricel0s.6d.net.  (Post  free,  10s.  lOd.  home  ;  lis. 
abroad.) 

ANALYSIS  OF  WOVEN  FABRICS.     By  A.  F.  Barker 

and  E.  Midgley.     Demy  Svo.     About  200  pages         [In  the  press. 
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WATERPROOFING  OF  FABRICS.     By  Dr.  S.  Mier- 

ziNSKi.  Second  Edition,  Revised  and  Enlarged.  Crown  8vo. 
140  pp.  29  lUus.  Price  5s.  net.  (Post  free,  5s.  4d.  home ; 
5s.  6d.  abroad.)  ['^iist published. 

HOW   TO   MAKE   A   WOOLLEN   MILL  PAY.      By 

John  Mackie.  Crown  8vo.  76  pp.  Price  3s.  6d.  net.  (Post 
free,  3s.  9d.  home;  3s.  lOd.  abroad.) 

YARN      AND      WARP      SIZING      IN     ALL  ITS 

BRANCHES.     Translated  from  the  German  of  Carl 

Kretschmar.  Royal  8vo.  123  Illustrations.  150  pp.  Price 
10s.  6d.  net.     (Post  free,  10s.  lOd.  home;  lis.  abroad.) 

{For  "  Textile  Soaps  and  Oils  "  see  p.  7.) 

(Dyeing,  Colour  Printing,  Matching 
and  Dye=stuffs.) 

THE    COLOUR   PRINTING   OF   CARPET  YARNS. 

Manual  for  Colour  Chemists  and  Textile  Printers.  By  David 
Paterson,  F.C.S.  Seventeen  Illustrations.  136  pp.  Demy 
Svo.     Price  7s.  6d.  net.     (Post  free,  7s.  lOd.  home  ;  Ss.  abroad.) 

THE  SCIENCE  OF  COLOUR  MIXING.  A  Manual 
intended  for  the  use  of  Dyers,  Calico  Printers  and  Colour 
Chemists.  By  David  Paterson,  F.C.S.  Forty-one  Illustrations. 
Five  Coloured  Plates,  and  Four  Plates  showing:  Eleven  Dyed 
Specimens  of  Fabrics.  132  pp.  Demy  8vo.  Price  7s.  6d.  net. 
(Post  free,  7s.  lOd.  home  ;  8s.  abroad.) 

DYERS'  MATERIALS  :  An  Introduction  to  the  Examina- 
tion, Evaluation  and  Application  of  the  most  important  Sub- 
stances used  in  Dyeing,  Printing,  Bleaching  and  Finishing.  By 
Paul  Heerman,  Ph.D.  Translated  from  the  German  by  A.  C. 
Wright,  M.A.  (Oxon).,  B.Sc.  (Lond.).  Twenty-four  Illustrations. 
Crown  Svo.  150  pp.  Price  5s.  net.  (Post  free,  5s.  4d.  home  ; 
5s.  6d.  abroad.) 

COLOUR  MATCHING  ON  TEXTILES.      A  Manual 

intended  for  the  use  of  Students  of  Colour  Chemistry,  Dyeing  and 
Textile  Printing.  By  David  Paterson,  F.C.S.  Coloured  Frontis- 
piece. Twenty-nine  Illustrations  and  Fourteen  Specimens  Of 
Dyed  Fabrics.  Demy  Svo.  132  pp.  Price  7s.  6d.  net.  (Post 
free,  7s.  lOd.  home ;  8s.  abroad.) 

COLOUR  :  A  HANDBOOK  OF  THE  THEORY  OF 
COLOUR.     By  George  H.  Hurst,  F.C.S.     With  Ten 

Coloured  Plates  and  Seventy-two  Illustrations.  160  pp.  Demy 
Svo.     Price  7s.  6d.  net.     (Post  free,  7s.  lOd.  home  ;  Ss.  abroad.) 

Reissue  of 
THE  ART  OF  DYEING  WOOL,  SILK  AND 
COTTON.  Translated  from  the  French  of  M.  Hellot, 
M.  Macquer  and  M.  le  Pileur  D'Apligny.  First  Published  in 
English  in  1789.  Six  Plates.  Demy  Svo.  446  pp.  Price  5s.  net. 
(Post  free,  5s.  6d.  home;  6s.  abroad.) 

For  contents  of  these  books,  see  List  II. 
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THE  CHEMISTRY  OF  DYE-STUFFS.  By  Dr.  Georg 
Von  Georgievics.  Translated  from  the  Second  German  Edition. 
412  pp.  Demy  Svo.  Prrce  10s.  6d.  net.  (Post  free,  lis.  home;, 
lis.  6d.  abroad.) 

THE  DYEING  OF  COTTON  FABRICS  :  A  Practical 
Handbook  for  the  Dyer  and  Student.  By  Franklin  Beech,. 
Practical  Colourist  and  Chemist.  272  pp.  Forty-four  Illus- 
trations of  Bleaching  and  Dyeing  Machinery.  Demy  Svo.  Price 
7s.  6d.  net.     {Post  free,  73.  lOd.  home;  8s.  abroad.) 

THE  DYEING  OF  WOOLLEN  FABRICS.  By 
Franklin  Beech,  Practical  Colourist  and  Chemist.  Thirty- 
three  Illustrations  Demy  Svo.  228  pp.  Price  7s.  6d.  net.. 
(Post  free,  7s.  lOd.  home  ;  8s.  abroad.) 

(Silk  Manufacture.) 

SILK  THROWING  AND  WASTE  SILK  SPIN- 
NING. By  HoLLiNS  Rayner.  Demy  Svo.  170  pp. 
117  Illus.    Price  5s.  net.     (Post  free,  5s.  4d.  home ;  5s.  6d.  abroad.) 

(Bleaching  and  Bleaching  Agents.) 

A  PRACTICAL  TREATISE  ON  THE  BLEACHING- 
OF  LINEN  AND  COTTON  YARN  AND  FABRICS. 

By  L.  Tailfer,  Chemical  and  Mechanical  Engineer.  Trans- 
lated from  the  French  by  John  Geddes  McIntosh.  Demy  Svo.. 
303  pp.  Twenty  Illus.  Price  123.  6d,.  net.  (Post  free,  13s. 
home;  13s.  6d.  abroad.) 

MODERN  BLEACHING  AGENTS  AND  DETER- 
GENTS. By  Professor  Max  Bottler.  Translated 
from  the  Get'man.  Crown  Svo.  16  Illustrations.  160  pages.. 
Price  5s.  net.     (Post  free,  5s.  3d.  home ;  5s.  6d.  abroad.) 

(Cotton  Spinning,  Cotton  Waste  and 
Cotton   Combing.) 

COTTON  SPINNING  (First  Year).  By  Thomas 
Thornley,  Spinning  Master,  Bolton  Technical  School.  160  pp, 
84  Illustrations.  Crown  Svo.  Second  Impression,  Price  3s^ 
net.     (Post  free,  3s.  4d.  home;  3s.  6d.  abroad.) 

COTTON  SPINNING  (Intermediate,  or  Second  Year). 
By  T.  Thornley.  2nd.  Impression.  180  pp.  70  Illus.  Crown  8vo, 
Price  5s.  net.   (Post  free,  5s.  4d.  home  ;  5s.  6d.  abroad.) 

COTTON  SPINNING  (Honours,  or  Third  Year).  By 
T.  Thornley.  216  pp  74  Illustrations.  Crown  8vo.  Second 
Edition.    Price  5s.  net.    (Post  free,  5s.  4d.  home;  5s.  6d.  abroad.) 

COTTON  COMBING  MACHINES.  By  Thos.  Thorn- 
ley, Spinning  Master,  Technical  School,  Bolton.  Demy  Svo. 
117  Illustrations.  300  pp.  Price  7s.  6d.  net.  (Post  free,  8s, 
home  ;  8s.  6d.  abroad  ) 
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COTTON  WASTE  :  Its  Production,  Characteristics 
Regulation,  Opening,  Carding,  Spinning  and  Weaving.  By  Thomas 
Thornley.  Demy  8vo.  286  pages.  60  Illustrations.  Price  7s  6d. 
net.     (Post  free,  7s.  lOd.  home;  8s.  abroad.) 

THE    RING    SPINNING    FRAME  :    GUIDE     FOR 
OVERLOOKERS  AND  STUDENTS.    By  N.  Booth. 
Crown  8 vo.     76  pages.     Price  3s.  net.     (Post  free,  3s.  3d.  home ; 
3s.  6d.  abroad.) 

(Flax,  Hemp  and  Jute  Spinning.) 

MODERN  FLAX,  HEMP  AND  JUTE  SPINNING 
AND  TWISTING.  A  Practical  Handbook  for  the  use 
of  Flax,  Hemp  and  Jute  Spinners,  Thread,  Twine  and  Rope 
Makers.  By  Herbert  R.  Carter,  Mill  Manager,  Textile  Expert 
and  Engineer,  Examiner  in  Flax  Spinning  to  the  City  and  Guilds 
of  London  Institute.  Demy  8vo.  1907.  With  92  Illustrations. 
200  pp.     Price  7s.  6d.  net.     (Post  free,  7s.  9d.  home ;  8s.  abroad.) 

(Collieries  and  Mines.) 

RECOVERY  WORK  AFTER  PIT  FIRES.  By  Robert 
Lamprecht,  Mining  Engineer  and  Manager.  Translated  from 
the  German.  Illustrated  by  Six  large  Plates,  containing  Seventy- 
six  Illustrations.  175  pp.  Demy  8vo.  Price  10s.  6d.  net.  (Post 
free.  10s.  lOd.  home;  lis.  abroad.) 

VENTILATION  IN  MINES.  By  Robert  Wabner, 
Mining  Engineer.  Translated  from  the  German.  Royal  8vo. 
Thirty  Plates  and  Twenty-two  Illustrations.  240  pp.  Price 
10s.  6d.  net.     (Post  free,  lis.  home;  lis.  3d.  abroad.) 

HAULAGE  AND  WINDING  APPLIANCES  USED 
IN  MINES.  By  Carl  Volk.  Translated  from  the 
German.  Royal  8vo.  With  Six  Plates  and  148  Illustrations. 
150  pp.     Price  Ss.  6d.  net.     (Post  free,  9s.  home;  9s.  3d.  abroad.) 

THE  ELECTRICAL  EQUIPMENT  OF  COLLIERIES. 

By  W.  Galloway  Duncan,  Electrical  and  Mechanical  Engineer, 
Member  of  the  Institution  of  Mining  Engineers,  Head  of  the 
Government  School  of  Engineering,  Dacca,  India ;  and  David 
Penman,  Certificated  Colliery  Manager,  Lecturer  in  Mining  to 
Fife  County  Committee.  Demy  Svo.  310  pp.  155  lUus.  and  Dia- 
grams.   Price  10s.  6d.  net.    (Post  free,  lis.  home;  lis.  3d.  abroad.) 

(Dental  Metallurgy.) 

DENTAL  METALLURGY:  MANUAL  FOR  STU- 
DENTS AND  DENTISTS.  By  A.  B.  Griffiths, 
Ph.D.  Demy  Svo.  Thirty-six  Illustrations.  200  pp.  Price 
7s.  6d.  net.     (Post  free,  7s.  lOd.  home;  Ss.  abroad.) 

(Engineering,  Smoke  Prevention  and 
Metallurgy.) 

THE  PREVENTION  OF  SMOKE.  Combined  with 
the  Economical  Combustion  of  Fuel.  By  W.  C.  Popplewell, 
M.Sc,  A.M.  Inst,,  C.E.,  Consulting  Engineer.  Forty-six  Illus- 
trations. 190  pp.  Demy  Svo  Price  7s.  6d.  net.  (Post  free, 
7s.  lOd.  home;  8s.  3d.  abroad.)  

For  contents  of  these  books,  sec  Lists  II  and  III. 
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GAS  AND  COAL  DUST  FIRING.  A  Critical  Review 
of  the  Various  Appliances  Patented  in  Germany  for  this  purpose 
since  1885.  By  Albert  Putsch.  130  pp.  Demy  8vo.  Trans- 
lated from  the  German.  With  103  Illustrations.  Price  5s.  net. 
(Post  free,  5s.  4d.  home  ;  5s.  6d.  abroad.) 

THE  HARDENING  AND  TEMPERING  OF  STEEL 
IN  THEORY  AND  PRACTICE.  By  Fridolin 
Reiser.  Translated  from  the  German  of  the  Third  Edition. 
Crown  8vo.  120  pp.  Price  5s,  net.  (Post  free,  5s.  3d.  home; 
5s.  4d.  abroad.) 

SIDEROLOGY:  THE  SCIENCE  OF  IRON  (Ttie 
Constitution  of  Iron  Alloys  and  Slags).  Translated  from 
German  of  Hanns  Freiher'r  v.  Juptner.  350  pp.  Demy  8vo. 
Eleven  Plates  and  Ten  Illustrations.  Price  10s.  6d.  net.  (Post 
free,  lis.  home;    lis.  6d.  abroad.) 

EVAPORATING,  CONDENSING  AND  COOLING 
APPARATUS.  Explanations,  Formulas  and  Tables 
for  Use  in  Practice.  By  E.  Hausbrand,  Engineer.  Translated 
by  A.  C.  Wright,  M.A.  (Oxon.),  B.Sc,  (Lond.).  With  Twenty- 
one  Illustrations  and  Seventy-six  Tables.  400  pp.  Demy  Svo. 
Price  10s.  6d.  net.     (Post  free,  lis.  home;   lis.  6d.  abroad.) 


(The  ''Broadway"  Series  of  Engineering 

Handbooks.) 

Uniform  in  Size :    Narrow  Crown  Svo.     (Pocket  Size.) 

Volume  I.— ELEMENTARY  PRINCIPLES  OF  RE- 
INFORCED CONCRETE  CONSTRUCTION.    By 

EwART  S.  Andrews,  B.Sc.  Eng.  (Lond.).  200  pages.  With  57 
Illustrations.  Numerous  Tables  and  Worked  Examples.  Price 
3s.  net.     (Post  free,  3s.  3d.  home ;  3s.  6d.  abroad.) 

Volume    II.— GAS     AND     OIL     ENGINES.       By    A. 

KiRSCHKE.  Translated  and  Revised  from  the  German,  and 
adapted  to  British  practice.  160  pages.  55  Illustrations. 
Price  3s.  net.     (Post  free,  3s.  3d.  home ;  3s.  6d.  abroad.) 

Volume  III.  —  IRON  AND  STEEL  CONSTRUC- 
TIONAL WORK.  By  K.  Schindler.  Translated 
and  Revised  from  the  German,  and  adapted  to  British  practice. 
140  pages.  115  Illustrations.  Price  3s.  6d.  net.  (Post  irec, 
3s.  9d.  home  ;  4s.  abroad.) 

Volume  IV.— TOOTHED  GEARING.  By  G.  T.  White, 
B.Sc.  (Lond.).  220  pages.  136  Illustrations.  Price  3s.  6d.  net, 
(Post  free,  3s.  9d.  home  ;  4s.  abroad.) 

Volume  V.— STEAM  TURBINES  :  Their  Theory  and 
Construction.  By  H.  Wilda.  Translated  from  the  German; 
Revised  and  adapted  to  British  practice.  200  pages.  104  Illus- 
trations.    Price  3s.  6d.  net.    (Post  free,  3s.  9d.  home  ;  4s.  abroad.) 
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Volume  VI.— CRANES  AND  HOISTS.  Their  Con- 
struction  and  Calculation.  By  H.  Wilda.  Translated  from  the 
German  ;  revised  and  adapted  to  British  practice.  168  pages. 
399  Illustrations.  Price  3s.  6d.  net.  (Post  free,  3s.  9d.  home ; 
4s.  abroad.)  [^"5^  published. 

Volume  VI I. —FOUNDRY      MACHINERY.       By      E. 

Treiber.  Translated  from  the  Germa«  ;  revised  and  adapted  to 
British  practice.  148  pages.  51  Illustrations.  Price3s.6d.net. 
(Post  free,  3s.  9d.  home  ;  4s.  abroad.)  {J nst  published. 

Volume  VIII— MOTOR     CAR     MECHANISM.        By 

W.  E.  DOMMETT,  A.M.I.A.E.E.  200  pages.  102  Illustrations. 
Price  3s.  6d.  net.     (Post  free,  3s.  9d.  home  ;  4s.  abroad.) 

\yust  published. 

Volume  IX.—  ELEMENTARY  PRINCIPLES  OP 
ILLUMINATION  AND  ARTIFICIAL  LIGHTING. 

By  A.  Blok,  B.Sc,  A.M.I. E.E.  240  pages.  124  Illustrations  and 
Diagrams,  and  1  Folding  Plate.  Price  3s.  6d.  net.  (Post  free, 
3s.  9d.  home  ;  4s.  abroad.)  {Just  published. 

[IN  PREPARATION.] 

THE  CALCULUS  FOR  ENGINEERS.  By  E.  S, 
Andrews,  B.Sc.  Eng.  (Lond.),  and  H.  Bryon  Heywood,  D.Sc. 

HYDRAULICS.     By  E.  H.  Sprague,  A.M.I.C.E. 

LAND  SURVEYING.     By  M.  T.  Ormsby,  M.I.C.E.I. 

PORTLAND  CEMENT.  Its  Properties  and  Manu- 
facture.    By  P.  C.  H.  West,  F.C.S. 

DESIGN  OF  MACHINE    TOOLS.     By  G.  W.  Burley. 

LATHES.     By  G.  W.  Burley. 

REINFORCED  CONCRETE  IN  PRACTICE.  By 
Alban  H.  Scott.  M.S.A.,  M.C.I. 

BRIDGE  FOUNDATIONS.     By  W.  Burnside,  M.I.C.E, 

WORKS  MANAGEMENT.     By  J.  B.\tey. 

CALCULATIONS  FOR  A  STEEL  FRAME  BUILD- 
ING.     By  W.  C.  Cocking,  M  C.I. 

GEAR  GUTTING.     By  G.  T.  White,  B.Sc.  (Lend.). 

MODERN  GAS  WORKS  PRACTICE.  By  Alwyne 
Meade,  A.M.I.E.E. 

STEAM  BOILERS  AND  COMBUSTION.  By  J. 
Batey. 

MOVING  LOADS  BY  INFLUENCE  LINES  AND 
OTHER  METHODS.     By  E.  H.  Sprague,  A.M.I.C.E. 

THE  STABILITY  OF  ARCHES.  By  E.  H.  Sprague, 
A.M.I.C.E. 

(Sanitary  Plumbing,  Electric  Wiring:, 
Metal  Work,  etc.) 

EXTERNAL  PLUMBING  WORK.  A  Treatise  on 
Lead  Work  for  Roofs.  By  John  W.  Hart,  R.P.C.  180  Illustra- 
tions. 272  pp.  Demy  8\o.  Second  Edition  Revised.  Price 
7s.  6d.  net.     (Post  free,  7s.  lOd.  home;  8s.  abroad.) 

For  contents  of  these  books,  see  List  III. 
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HINTS  TO  PLUMBERS  ON  JOINT  WIPING,  PIPE 
BENDING  AND  LEAD  BURNING.  Third  Edition, 
Revised  and  Corrected,  By  John  W.  Hart,  R.P.C.  184  Illus- 
trations. 313  pp.  Demy  8vo  Price  7s.  6d.  net.  (Post  free, 
Ss.  home ;  8s.  ^'d.  abroad.) 

SANITARY  PLUMBING  AND  DRAINAGE.  By 
John  W.  Hart.  Demy  8vo.  With  208  Illustrations.  250  pp. 
1904.     Price  7s.  6d.  net.     (Post  free,  7s.  lOd.  home;  8s.  abroad.) 

ELECTRIC  WIRING  AND  FITTING.  By  Sydney  F. 
Walker,  R.N.,  M.I.E.E.,  M.I.Min.E.,  A.M.Inst.C.E.,  etc.,  etc. 
Crown  8vo.  150  pp.  W^ith  Illustrations  and  Tables.  Price  5s. 
net.     (Post  free,  5s.  3d.  home  ;  5s.  6d.  abroad.) 

THE  PRINCIPLES  AND  PRACTICE  OF  DIPPING, 
BURNISHING,  LACQUERING  AND  BRONZ- 
ING  BRASS  WARE.  By  W.  Norman  Brown.  48  pp. 
Crown  8vo.    Price  3s.  net.    (Post  free,  3s.  3d.  home  and  abroad.) 

THE  DEVELOPMENT  OF  THE  INCANDESCENT 
ELECTRIC  LAMP.  By  G.  Basil  Barham,  A.M.I. E.E. 
Demy  8vo.  200  pages.  2  Plates,  25  Illustrations  and  10  Tables, 
Price  5s.  net.     (Post  free,  5s.  4d.  home  ;  5s.  6d.  abroad.) 

WIRING  CALCULATIONS  FOR  ELECTRIC 
LIGHT    AND    POWER    INSTALLATIONS.      A 

Practical  Handbook  containing  Wiring  Tables,  Rules,  and 
Formulae  for  the  Use  of  Architects,  Engineers,  Mining  Engineers, 
and  Electricians,  Wiring  Contractors  and  Wiremen,  etc.  By  G. 
W.  LuMMis  Paterson.  Crown  Svo.  96  pages.  35  Tables. 
Price  5s.  net.  (Post  free,  5s.  3d.  home  ;  5s.  6d.  abroad.) 
A  HANDBOOK  ON  JAPANNING.  For  Ironware, 
Tinware,  and  Wood,  etc.  By  W^illiam  Norman  Brown. 
Second  Edition.  70  pages.  13  Illustrations.  Crown  8vo.  Price 
3s.  6d.  net.      (Post  free,  3s.  9d.  home  •  4s.  abroad.) 

THE  PRINCIPLES  OF  HOT  WATER  SUPPLY.     By 

John  W.  Hart,  R.P.C.     With  129  Illustrations.      177  pp.     Demy 
Svo.     Price  7s.  6d   net.    (Post  free,  7s.  lOd.  home ;  8s.  abroad.) 

(Brewing  and  Botanical.) 

HOPS  IN  THEIR  BOTANICAL,  AGRICULTURAL 
AND  TECHNICAL  ASPECT,  AND  AS  AN 
ARTICLE  OF  COMMERCE.  By  Emmanuel  Gross, 
Professor  at  the  Higher  Agricultural  College,  Tetschen-Liebwerd. 
Translated  from  the  German.  78  Illus.  340pp.  Demy  8vo.  Price 
lOs.    6d.    net.       (Post  free,   lis.   home  ;  lis  6d.  abroad.) 

INSECTICIDES,  FUNGICIDES  AND  WEED- 
KILLERS. By  E.  BouRCART,  D.Sc.  Translated  from 
the  French.  Revised  and  Adapted  to  British  Standards  and 
Practice.  Demy  8vo.  450  pages,  83  Tables,  and  12  Illustrations. 
Price  12s.  6d.  net.     (Post  free,  13s.  home  ;   13s.  6d.  abroad.) 

_        '  {For  Agricultural  Chemistry,  see  p.  g.) 
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(Wood  Products,  Timber  and  Wood 

Waste.) 

WOOD  PRODUCTS  :  DISTILLATES  AND  EX- 
TRACTS. By  P.  DuMESNY,  Chemical  Engineer, 
Expert  before  the  Lyons  Commercial  Tribunal,  Member  of  the 
International  Association  of  Leather  Chemists;  and  J.  Noyer. 
Translated  from  the  French  by  Donald  Grant.  Royal  8vo. 
320  pp.  103  Illustrations  and  Numerous  Tables.  Price  10s.  6d. 
net.     (Post  free,  lis.  home;  lis.  6d.  abroad.) 

TIMBER  :  A  Comprehensive  Study  of  Wood  in  all  its 
Aspects  (Commercial  and  Botanical),  showing  the  different 
Applications  and  Uses  of  Timber  in  Various  Trades,  etc.  Trans- 
lated from  the  French  of  Paul  Charpentier.  Royal  8vo.  437 
pp.  178  Illustrations.  Price  12s.  6d.  net.  (Post  free,  13s. 
home ;  14s.  abroad.) 

THE  UTILISATION  OF  WOOD  WASTE.  Trans- 
lated from  the  German  of  Ernst  Hubbard.  Crown  8vo.  192  pp. 
50  lUus.  Price  5s.  net.  (Post  free,  5s.  4d.  home  ;  5s.  6d.  abroad.) 
[See  also  Utilisation  of  Waste  Products,  p.  9.) 

(Building:  and  Architecture.) 

ORNAMENTAL      CEMENT      WORK.       By    Oliver 

Wheatley.      Demy  8vo.     83   Illustrations.      128  pp.      Price  5s. 
net.     (Post  free,  5s.  4d.  home  ;  5s.  6d.  abroad.) 

THE  PREVENTION  OF  DAMPNESS  IN  BUILD- 
INGS ;  with  Remarks  on  the  Causes,  Nature  and 
Effects  of  Saline,  Efflorescences  and  Dry-rot,  for  Architects, 
Builders,  Overseers,  Plasterers,  Painters  and  House  Owners. 
By  Adolf  Wilhelm  Keim.  Translated  from  the  German  of  the 
second  revised  Edition  by  M.  J.  Salter,  F.I.C,  F.C.S.  Eight 
Coloured  Plates  and  Thirteen  Illustrations.  Crown  8vo.  115 
pp.     Price  5s.  net.     (Post  free,  5s.  3d.  home ;  5s.  4d.  abroad.) 

HANDBOOK  OF  TECHNICAL  TERMS  USED  IN 
ARCHITECTURE  AND  BUILDING,  AND  THEIR 
ALLIED  TRADES  AND  SUBJECTS.  By  Augus- 
TINE  C.  Passmore.  Demy  8vo.  380  pp.  Price  7s.  6d.  net. 
(Post  free,  8s.  home  ;  8s.  6d.  abroad.) 

(Foods,  Drugs  and  Sweetmeats.) 

FOOD  AND  DRUGS.  By  E.  J.  Parry,  B.Sc,  F.I.C,  F.C.S. 
Volume  I.     The  Analysis   of  Food   and   Drugs    (Chemical  and 

Microscopical).     Royal   8vo.     724   pp.     Price   21s.  net.     (Post 

free,  21s.  6d.  home  ;  22s.  6d.  British  Colonies;  23s.  3d.  other 

Foreign  Countries.) 
Volume    II.      The   Sale   of   Food    and    Drugs   Acts,    1875-1907. 

Royal  8vo.     184  pp.     Price   7s.   6d.   net.     (Post  free,   7s.   lOd. 

home  ;  8s.  abroad.) 

For  contents  of  these  books,  see  List  III. 
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THE    MANUFACTURE    OF    PRESERVED    FOODS 

AND    SWEETMEATS.       By    A.    Hausxer.      With 

Twenty-eight  Illustrations.  Translated  from  the  German  of  the 
third  enlarged  Edition.  Second  English  Edition.  Crown  8vo.  225 
pp.    Price  7s.  6d.  net.    (Post  free,  7s.  9d.  home ;  7s.  lOd.  abroad.} 

RECIPES  FOR  THE  PRESERVING  OF  FRUIT, 
VEGETABLES  AND  MEAT.  By  E.  Wagner. 
Translated  from  the  German.  Crown  8vo.  125  pp.  With  14 
Illustrations.  Price  5s.  net.  (Post  free,  5s.  3d.  home ;  5s.  4d. 
abroad.) 

(Dyeing  Fancy  Goods.) 

THE  ART  OF  DYEING  AND  STAINING  MARBLE, 
ARTIFICIAL  STONE,  BONE,  HORN,  IVORY 
AND  WOOD,  AND  OF  IMITATING  ALL  SORTS 

OF    WOOD.      A   Practical   Handbook  for  the   Use  of 

Joiners,  Turners,  Manufacturers  of  Fancy  Goods,  Stick  and 
Umbrella  Makers,  Comb  Makers,  etc.  Translated  from  the 
German  of  D.  H.  Soxhlet,  Technical  Chemist.  Crown  8vo. 
168  pp.     Price  5s.  net.     (Post  free,  5s.  3d.  home;   5s.  4d.  abroad.) 

(Celluloid.) 

CELLULOID  :  Its  Raw  Material,  Manufacture,  Properties 
and  Uses.  A  Handbook  for  Manufacturers  of  Celluloid  and 
Celluloid  Articles,  and  all  Industries  using  Celluloid  ;  also  for 
Dentists  and  Teeth  Specialists.  By  Dr.  Fr.  Bockmann,  Tech- 
nical Chemist.  Translated  from  the  Third  Revised  German 
Edition.  Crown  Svo.  120  pp.  With  49  Illustrations.  Price  5s, 
net.     (Post  free,  5s.  3d.  home  ;  5s.  4d.  abroad.) 

(Lithography,  Printing  and 
Engraving.) 

ART  OF  LITHOGRAPHY.     By  G.  T.  Rhodes. 

[In  the  press. 

PRINTERS'  AND  STATIONERS'  READY 
RECKONER  AND  COMPENDIUM.  Compiled  by 
Victor  Graham.  Crown  Svo.  112  pp.  1904.  Price3s.6d.net- 
(Post  free,  3s.  9d.  home  ;  3s.  lOd.  abroad.) 

ENGRAVING    FOR    ILLUSTRATION.      HISTORI- 
CAL AND  PRACTICAL  NOTES.     By  J.  Kirkbride. 
72  pp.      Two  Plates   and  6  Illustrations.      Crown    Svo.     Price 
2s.  6d.  net.     (Post  free,  2s.  9d.  home  ;  2s.  lOd.  abroad.) 
{For  Printing  Inks,  see  p.  4.) 

(Bookbinding.) 

PRACTICAL  BOOKBINDING.  By  Paul  Adam, 
Translated  from  the  German.  Crown  Svo.  ISO  pp.  127  Illus- 
trations.   Price  5s.  net.    (Post  free,  5s.  4d.  home  ;  5s.  6d.  abroad. 
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(Sugar  Refining.) 

THE  TECHNOLOGY  OP  SUGAR :  Practical  Treatise 
on  the  Modern  Methods  of  Manufacture  of  Sugar  from  the  Sugar 
Cane  and  Sugar  Beet.  By  John  Geddes  McIntosh.  Second 
Revised  and  Enlarged  Edition.  Demy  8vo.  Fully  Illustrated. 
436  pp.  •  Seventy-six  Tables.  1906.  Price  10s.  6d.  net  (Post 
free,  lis.  home;  lis.  6d,  abroad.) 

{See  "  Evaporating,  Condensing,  etc.,  Apparatus,^'  p.  ig.) 

(Emery.) 

EMERY  AND  THE  EMERY  INDUSTRY.  Trans- 
lated from  the  German  of  A.  Haenig.  Crown  8vo.  45  Illus. 
104  pp.  Price  5s.  net.     (Post  free,  5s.  3d.  home  ;  5s.  6d.  abroad.) 

(Libraries  and  Bibliography.) 

CLASSIFIED  GUIDE  TO  TECHNICAL  AND  COM- 
MERCIAL BOOKS.  Compiled  by  Edgar  Green- 
wood. Demy  8vo.  224  pp.  1904.  Being  a  Subject-list  of  the 
Principal  British  and  American  Books  in  Print;  giving  Title, 
Author,  Size,  Date,  Publisher  and  Price.  Price  5s.  net.  (Post 
free,  5s.  4d.  home  ;  5s.  6d.  abroad.) 

HANDBOOK  TO  THE  TECHNICAL  AND  ART 
SCHOOLS  AND  COLLEGES  OP  THE  UNITED 
KINGDOM.  Containing  particulars  of  nearly  1,000 
Technical,  Commercial  and  Art  Schools  throughout  the  United 
Kingdom.  With  full  particulars  of  the  courses  of  instruction, 
names  of  principals,  secretaries,  etc.  Demy  8vo.  150  pp.  Price 
3s.  6d.  net.     (Post  free,  3s.  lOd.  home ;  4s.  abroad.) 

THE  LIBRARIES,  MUSEUMS  AND  ART  GAL- 
LERIES  YEAR  BOOK,  1910-11.  Being  the  Third 
Edition  of  Greenwood's  "  British  Library  Year  Book".  Edited 
by  Alex.  J.  Philip.  Demy  8vo.  286  pp.  Price  5s.  net.  (Post 
free,  5s.  4d.  home  ;  5s.  6d.  abroad.) 

THE  PLUMBING,  HEATING  AND  LIGHTING 
ANNUAL  FOR  1911.  The  Trade  Reference  Book 
for  Plumbers,  Sanitary,  Heating  and  Lighting  Engineers, 
Builders'  Merchants,  Contractors  and  Architects.  Including 
the  translation  of  Hermann  Recknagel's  "  Kalender  fiir  Gesund- 
heits  -  Techniker,"  Handbook  for  Heating,  Ventilating,  and 
Domestic  Engineers,  of  which  Scott,  Greenwood  &  Son  have 
purchased  the  sole  right  for  the  English  Language.  Quarto. 
Bound  in  cloth  and  gilt  lettered.  Price  3s.  net.  (Post  free, 
3s.  4d.  home  ;  3s.  8d.  abroad.) 

Scott,  (3veenwoob  d  ^on, 

Technical  Book  and  Trade  Journal  Publishers, 

8  Broadway,  Ludgate,  London,  E.G. 

Tele/raphic  Address,  "  Printeries,  Cent.  =  London  ".  jfanuary,   1914. 
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